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Robbin C. Anderson David M. Chittenden William L. Evans Robert T. Kirkwood
President-Elect Secretary Treasurer Historian
Secretary's Report




Dr.J. Kenneth Beadles, President, opened the meeting by introduc-
ing Dr. Peggy Dorris, local arrangements chairman forHSU who, in
turn, introduced Dr. Joe Wright, Dean of Science, HSU. Dr. Wright
welcomed the Academy on behalf of Henderson State University.
President Beadles recognized Dr. David Chittenden who presented
the minutes of the 65th annual meeting as printed inthe Proceedings
President Beadles presented the following motions concerning the
Collegiate Academy that were presented by the Collegiate Academy
committee, John Bridgman, chairman:
Itis moved that
1. The Collegiate Academy of Science be merged into the
Arkansas Academy ofScience
2. Anew category ofmembership be established, Undergraduate
Members. Members inthis category willhave reduced member-
ship dues and they willbe awarded a free copy ofthe Proceedings
should they present a paper at the Annual Meeting. Otherwise
they may purchase a copy ofthe Proceedings for a reduced price
of $5.00.
3. Membership dues for this membership class willbe set at $5.00
to take effect on January 1, 1983.
The motion was seconded. Itis to be voted on at the Second Business
Meeting.
Toinstitute these motions it is necessary to amend the Constitution.
It was moved to amend the Constitution and By-laws as follows:
1. Article III,Section 2 willbe changed to read "There shall be
two classes ofmembership in the Academy: Members (Regular,
Sustaining, and Undergraduate) and Institutional Members".
2. Article IVwillbe amended to delete all references to advisors
and officers of the Collegiate Academy.
3. Section 10 of the By-laws will be changed so that "Dues for
Members (Sustaining, Regular) shall be set ..." shall become
"Dues for Members (Sustaining, Regular, and Undergraduate
shall be set .. .".
The motion was seconded. It is tobe voted on at the Second Business
Meeting.
Dr. William Evans was recognized for the Treasurer's Report. The




Cash Balance, Checking Acct., Mcllroy Bank, March 31, 1981
Heritage S & L Certificates (2 1/2 yr, 10.65%)
Heritage S iL Passbook Acct. (5.50%)
Undeposited Checks (3/31/81) Deposited 4/7/81
Total Funds, March 31, 1981
Total Funds r April 1, 1981
IUCCflE April 1, 1981 through March 24, 1982
1. Meeting, UALR, April 17-18, 1981
Dues (12 Sust., 89 Reg) 51,034.00
b. Registration 358.00
Picnic 486.00
d. Page Charges + 3 PROCEEDINGS 135.00
Exhibitors Fees 125.00




b. Regular Dues 1,190.00
3. Institutional Dues












EXPENSES April1, 1981 through March 24, 1982
a. Int. Pev. Evs., WH Tax (549) 5 82.60
b. G. Heidt, Travel (552) 80.00
c. Phillips Litho, Pmt. 1 (554) 3,100.00
d. Phillips Litho, Pmt. 2 (562) 1,200.00
e. Phillips Litho, Pmt. 3 (568) 654.27
f. G. Heidt, Travel (573) 83.00
g. R. Heidt, Editorial Svs. (574) 151.81
h. Int. Rev. Evs., WH Tax (578) 70.79
i. Dept. Fin. Admin., WH Tax (579) 5.65
j. R. Heidt, Editorial Svs. (582) 163.06
Total for PROCEEDINGS
2. Meeting Expi
a. Morgan's Barbecue, Picnic (551) 772.50
b. Ferguson, Refreshments (553) 77.30
d! HSU, Biol.'Dept.', Postage (576) 39i60
Total for Meeting Expenses
3. Awards
a. Daytimers, Certif. Prtg. (557) 20.86
b. Ark Jr Acad Sci, Support (571) 200.00
c. Ark Sci Fair Assn, Support (572) 100.00
d. Best Sports, Plaq. t Engr. (581) 76.68
Total for Awards
4. Operating Costs
Renner, Typing (550) 7.50
b. Postmaster, Stamps (555) 10.84
c. Natl Assn Acad Sci, Dues (556) 25.00
d. Chittenden, Postage (558) 52.94
f. Postmaster, Box Pent (560) 5.00
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h. UAF, Office Supplies (565) 16.50 Audit Committee
—
Robbin Anderson, Robert Watson, Jimmie
Bragg
Postmaster, Stamps (567) 8.64
j. UAF, Copy Work (569) 2.50
k. Postnaster, Box Rent (570) 7.50 Resolutions Committee
—
Robert Kirkwood, P. M. Johnston,
E. L. Richards
1. Postnaster, Postage (575) 10.00




b. Paulissen, Postage (564) 8.75
62.50 SECOND BUSINESS MEETING
Total Miscellaneous Costs
Total Expen, 57,635.14





Total Expe: Imove that the minutes of the 65th Annual Meeting, published
in the 35th Proceedings ofthe Arkansas academy ofScience be
approved as written.
Funds on Hand, March 24, 1982 S 4,647.97
Heritage Savings iLoan, Certificates of Deposit 1,222.20 The motion was seconded and passed.
Total Funds, March 24, 1982 S 4,647.97
William Evans, Treasurer, made the following motion
Imove that acceptance and approval ofthe Treasurer's finan-
cial statement and report for the period 31 March 1981 through
24 March 1982, as submitted to the membership and presented
at the First Business Meeting.
William L. Ev,
Meeting, April 2-3, 1982
The motion was seconded by Robbin Anderson, Chairman of the Audit
Committee, who reported that the books were balanced and in order.
The motion passed.
The Nominating Committee, Alex Nisbet, chairman, presented the
following slate ofcandidates for office:














Hendrix College 2. Appropriation of$100 for support of the State Science Fair.
It was moved and seconded that nominations cease. The motion
passed. Voting will take place at the Second Business Meeting.
3. Amending the Constitution and By-laws.
4. Appropriating $150 for cost of the Newsletter.
Marie Arthur, Director, reported on the activities of the Junior
Academy ofScience. It was moved and seconded to continue financial
support of JAS at the level of $200. Voting will take place at the
Second Business Meeting.
5. Appropriating $200 for support ofthe Junior Academy ofScience.
It was moved that the Academy establish an undergraduate research
award for the outstanding paper by an undergraduate student at the
Annual Meeting. The motion was seconded and passed.Robert Kirkwood,co-director of the State Science Fair, reported on
the Fair's activities. It was moved and seconded that financial support
of the Science Fair continue at the levelof $100. Voting will take place
at the Second Business Meeting.
The winner of the undergraduate research award was Laura
Wooldridge of the Biology Department, UALR forher paper entitled
"Fine structure of sperm from the free livingnematode." She is a
student of Maurice G. Kleve.Leo Paulissen reported on the Westinghouse Science Talent Search
and the BIOTAsurvey. Twostudents were selected for national recogni-
tionin the Talent Search. They are Wendy LynnKoppel and Brian Corlis
Espenscheid.
The Outstanding High School Science Teacher in Arkansas for
1981-1982 is Mrs. Ruth Faulkner.
Gary Heidt presented the report of the Editor of the Proceedings.
This report can be found on page 5 of Volume 35. It was moved and
seconded that the Academy appropriate $500 for editorial assistance
forVolume 36. Voting will take place at the Second Business Meeting.
Itwas announced that the meeting place for the 1983 Annual Meeting
will be at the University of Central Arkansas, Conway. The meeting
time has been tentatively set for 2-3 April. Aninvitation was issued
to hold the 1984 meeting at the University ofArkansas at Fayetteville.
The invitation was accepted.
Rick McDaniel, editor of the Newsletter, announced that John Rickett
willsucceed to the editorship for a three year period. There are to be
two numbers each year. The first is to be a "News of the Meeting"
edition and the second willretain the present format. It was moved and
seconded that $150 be appropriated for the costs of the Newsletter.
Voting will take place at the Second Business Meeting.
Robert Kirkwood, chairman of the Resolutions Committee, moved
the adoption of the following resolution.
Be it resolved:
The members of the Arkansas Academy ofScience express their
heartfelt gratitude toDr.Peggy Dorris, chairman of the Biology
Department, and to the members of the science faculties of
President Beadles appointed the following committees to report at
the Second Business Meeting:
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Henderson State University for their careful planning for the
meeting and for their efficient implementation of those plans.
We express our appreciation to Dr. Joe Wright, Dean of the
School of Natural Sciences, and to the administration of Hender-
son State University for the cordial welcome and for the use of
the facilities of the university.
Because reporting the results of research is an essential feature
of the Academy ofScience, the role of the section chairman is
critical. We appreciate the efforts of Alex Nisbet (Chemistry),
TomDuncan (Invertebrate Zoology/Physiology), Walter Manger
(Geology), James Daly (Biomedical Sciences), Kelly Oliver
(Vertebrate Zoology), Dan Marsh (Botany), Henry Robison
(Aquatic Environment), and Carl Jameson (Geography).
The members of the Arkansas Academy ofScience rely on the
officers of the Academy to implement the various programs in
which the Academy is involved. We extend our thanks to Ken
Beadles, President; Robbin Anderson, President-elect; David
Chittenden, Secretary; Robert Kirkwood, Historian; V. Rick
McDaniel, editor of the Newsletter; and particularly to William
L.Evans, retiring Treasurer, and Gary Heidt, retiring Editor
of the Proceedings.
We also express our gratitude to the directors of the various
science youth activities which are supported by the Arkansas
Academy ofScience: Robert Wright, Pat Howerton, Mike Rapp,
and Robert Kirkwood, Co-directors of the Arkansas State Science
Fair; Marie Arthur, Director of the Arkansas Junior Academy
f Science; Tom Palko, Director of the Junior Science and
umanities Symposium; Leo Paulissen, Science Talent Search;
nd to Wayne Everett, Liaison Officer for allsupported activities.
We also express appreciation to the committees that have ap-
)raised the functions of the various youth science activities during
le past year: Collegiate Academy
-
Nelson Voldeng, Tom
oodwin, Harvey Barton, John Bridgman; Junior Academy -
William Byrd,Art Johnson, Tom Palko; Science Fair
-
Robert
Wright, Bruce Haggard, Joe Guenter.
We also express our thanks to Micro-Tech Instruments and to
American Optical Company for exhibiting some of their pro-
ducts at this sixty-sixth meeting of the Arkansas Academy of
Science.
The motion was seconded and passed.
Ballotingwas held for the election ofofficers. William L.Evans was
elected Vice-president and Arthur Johnson was elected Treasurer.
President Beadles then turned the gavel over to Robbin Anderson.
President Anderson presented a certificate of appreciation to Dr.
Beadles.
It was moved and seconded that the President of the Academy send
a letter commending the winner of the undergraduate research award
and his/her faculty advisor to the President of their Institution. The
motion passed.
It was moved that an ad hoc committee be appointed to study awards
to be presented for outstanding effort both at the undergraduate and
graduate levels. The motion was seconded and passed.
It was requested that sections be runas close to the published schedule
as possible.
The possibility of concurrent meetings of the Junior Academy and
the Academy was raised. It was explained that the Junior Academy met
in conjunction with Science Fairs.
President Anderson named Tom Goodwin and Ken Beadles to the
Nominating Committee. The names of additional members will be
published in the Newsletter.
It was moved to establish an ad hoc committee on membership. The
motion was seconded and passed.
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PROGRAM




Meeting concurrently with sessions of
The Collegiate Academy of Science
Friday, 2 April






SENIOR ACADEMY- First General Business Meeting
WESTINGHOUSE SCIENCE TALENTSEARCH AWARDS
Lunch
SENIOR AND COLLEGIATE ACADEMIES -- Registration









SENIOR AND COLLEGIATE ACADEMIES - Buffet
POST BUFFET SPEAKER
- Mr. Ray Thornton,
President, Arkansas State University
Saturday, 3 April
SENIOR AND COLLEGIATE ACADEMIES -- Registration






COLLEGIATE ACADEMY -- Business Meeting
SENIOR ACADEMY- Second General Business Meeting
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are presentations by Collegiate Academy members]
CHEMISTRY I
Section Chairperson: Alex Nisbet
trRALABORATORY RELIABILITY AND SENSITIVITY OFLECTED TEST METHODS FOR USE IN BEHAVIORALRATOL GY STUDIES.
J. Adams, C. A.Kimmel, J. Buelke-Sam, D.R. Miller, and C.
J. Nelson, National Center forToxicological Research/National
Toxicology Program/DHHS, Jefferson, Ark. 72079.
FIBRINOGENASE ANDFIBRINOLYTICACTIVITYOF ACOM-
PONENT ISOLATEDFROM TIMBER RATTLESNAKE VENOM.
David J. Civello, Jeffrey B. Moran and Collis R. Geren,
Department ofChemistry, University ofArkansas, Fayetteville,
Ark. 72701.
THE PROTEOLYTIC FRACTION IVA OF NORTHERN COP-
PERHEAD VENOM.
John M.James, David J. Civello, and Collis R. Geren, Depart-
ment of Chemistry, University of Arkansas, Fayetteville, Ark.
72701.
IURIFICATION
AND CHARACTERIZATION OF LOW
IOLECULARWEIGHT SERUM FACTORS INREGRESSION OF
OUS SARCOMAS INCHICKENS.
John B. Blakenship, Craig Whitfill, N. R. Gyles, and John A.
Thoma, Department of Chemistry, and Department of Animal
Science, University of Arkansas, Fayetteville, Ark. 72701.
MECHANISMFOR THE REACTION OF 2,3,7,8-TETRACHLORO-
DIBENZO-P-DIOXINWITH OXYGEN UNDER ATMOSPHERIC
PRESSURE IONIZATIONNS CONDITIONS.
R. K.Mitchum, W. A.Korfmacher and J. R. Althaus, National
Center for Toxicological Research, Jefferson, Ark. 72079.
STEREOSELECTIVE ADDITION OF ORGANOCOPPER
rAGENTS TO ANOVEL HEX-l-ENOPYRAN-3-ULOSE.C. Michael Crowder, R. Bruce White, and Thomas E. Goodwin,Department ofChemistry, Hendrix College, Conway, Ark.72032.
ANALYSISOF IRONINVITAMINSBY ATOMICABSORPTION
SPECTROSCOPY.
Craig Lagrone and M.Warfield Teague, Department of Chemistry,
Hendrix College, Conway, Ark. 72032.
tPRELUDE TO THE SYNTHESIS OF MAYTANSINOIDS.R. Bruce White, John S. Swanson and Thomas E. Goodwin,Department of Chemistry, Hendrix College, Conway, Ark.72032.
ANORGANIC MECHANISTIC STUDYCONCERNING HYDRIDE
TRANSFER TO DICHLOROCARBENE.
John Landgrebe, Department ofChemistry, The University of
Kansas, Lawrence, Kansas, and Curtis Erickson. Department of
Chemistry, Hendrix College, Conway, Ark. 72032.
EHE CHEMISTRY AND BIOLOGY OF TENTOXIN, AIOLOGICALLY-PRODUCED PHYTOTOXIN.
Ben H.Harmon, Hendrix College, Conway, Arkansas, and George
F. Templeton, University of Arkansas, Fayetteville, Ark.72701.
SPECULATIONS ON LEVELS OF DESCRIPTION AND THEINITYOF PHYSICAL LAW.
TimBest, Department of Chemistry, Hendrix College, Conway,
Ark. 72032.
SYNTHESIS OF A FENTANYL ANALOGUE.
Ronald F.Borne, Department of Medicinal Chemistry, School of
Pharmacy, University of Mississippi, Oxford, MS 38677; Cindy
Lassiter, Hendrix College H-256, Conway, Ark. 72032.
KINETICS AND TRANSITION STATE STRUCTURE OF THE
HYDRAZINOLYSISOF PHENYL ACETATE.
B. H. Harmon, Department of Chemistry, Hendrix College,
Conway, Ark. 72032, and R. L. Schowen, Department of
Chemistry, University of Kansas, Lawrence, Kansas 66045.
SYNTHESIS OF ENKEPHALIN ANALOGS.
David Coussens, Department of Chemistry, Hendrix College,
Conway, Ark.72032, and Nelson Voldeng, Medicinal Chemistry
Department, College ofPharmacy, University ofArkansas Medical
Sciences, Little Rock, Ark.
APPLICATIONOF NONLINEAR REGRESSION ANALYSIS TO
THE USE OF ENZYMES IN THE DETERMINATION OF
SUBSTRATE CONCENTRATIONS.
Collis R. Geren and Francis S. Millett,Department ofChemistry,
University of Arkansas, Fayetteville, Ark. 72701.
THE ROLE OF FRICTION IN THE SIMPLE MACHINE.
H.E. McCloud, Department of Agricultural Engineering, Arkan-




Section Chairperson: Tom Duncan
ZOOPLANKTON POTENTIAL AS AHIGHQUALITYNUTRIENT
FOR RIFFLE MACROBENTHOS INOZARK STREAMS.
Arthur V. Brown and Don Jackson, Department of Zoology,
University of Arkansas, Fayetteville, Ark. 72701.
MICROINVERTEBRATE UTILIZATIONOF LEAF DETRITUSIN
ARIFFLE OF THE ILLINOISRIVER, ARKANSAS.
Arthur V. Brown and Janet P. Ricker, Department ofZoology,
University of Arkansas, Fayetteville, Ark. 72701.
COMPARISON OF SILVER-STAIN ANDN-BAND TECHNIQUES
FOR NUCLEOLAR ORGANIZER REGIONS ON MEIOTIC
CHROMOSOMES OF MALEDissosteira Carolina.
Charles M. Swanson and William L. Evans, Departmeni of
Zoology, University of Arkansas, Fayetteville, Ark. 72701.
FUNCTIONAL MORPHOLOGY OF THE MANTLE FLAP
"EYESPOTS" OF Lampsilis (MOLLUSCA: B1VALVIA:
UN1ONIDAE).
Louise Russerl Kraemer and Charles Swanson, Deparimeni of
Zoology, University of Arkansas, Fayetteville, Ark. 72701.
NEW RECORDS FOR TROGLOB1TIC ASELL1DS IN NORTH-
WEST ARKANSAS.
Mark D. Schram, Department ofZoology, University ofArkan-
sas, Fayetteville, Ark. 72701.
LEAF PROCESSING RATES AND MACRO1NVERTEBRATE
COLONIZATIONINASLOUGH ON THE ILLINOISRIVER IN
NORTHWESTERN ARKANSAS.
I'.Don Petty and Arthur V. Brown, Department of Zoology,
University of Arkansas, Fayetteville, Ark.72701.
AQUATIC MACRO1NVERTEBRATES OF THREE ACIDBOGS ON
CROWLEY'S RIDGE INNORTHEAST ARKANSAS.
Jerry LinFarris, 381 New Kent Rd. (VirginiaPolytechnic Institute
and Stale University), Blacksburg, VA 24064, and George L.Harp,
Deparment ofBiological Sciences, Arkansas State University, State
University, Ark. 72467.
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AQUATICMACROINVERTEBRATE TAXAPRESENT IN TWO
OZARK SPRINGS IN RANDOLPH COUNTY, ARKANSAS.
G. Randy Guntharp and George L. Harp, Department of
Biological Sciences, Arkansas State University, State University,
Ark. 72467.
NOTES ON THE BIOLOGY OF Menecles inserlus (SAY)
(HEMIPTERA: PENTATOMIDAE) AS OBSERVED INTHE FIELD
ANDLABORATORY.
Harvey E. Barton and Linda A. Lee, Department ofBiological
Sciences, Arkansas State University, State University, Ark.72467.
SOIL TRAVERSING ARTHROPODS OF SUNFLOWER AND
THREE ADJACENT COMMUNITIES AS SAMPLED BYPITFALL
TRAPS.
Linda A. Lee and Harvey E. Barton, Department of Biological
Sciences, Arkansas State University, State University, Ark.72467.
??FINE STRUCTURE OF SPERM FROM THE FREE LIVING
NEMATODE, Turbatrix aceti.
Laura Wooldridge and Maurice G.Kleve, Department ofBiology,
University of Arkansas at Little Rock, 33rd and University,
Little Rock, Ark. 72204.
?A PRELIMINARY STUDY OF SPIDERS OF THE EASTERN
OZARK MOUNTAINAREA OF ARKANSAS.
Mary Beck and Peggy Rae Dorris, Department of Biology,Hender-
son State University, Arkadelphia, Ark. 71923.
?1980 B.C. ANDNOW: COMPUTER AWARENESS ATUAM.
N. MinxOlsen, NSF CAUSE project, UAMBox3457, Monticello,
Ark. 71655.
INVERTEBRATEFAUNA OF DEVILSDEN, A ZOOGEOGRAPH-
ICALLYIMPORTANTSANDSTONE CAVE INNORTHWESTERN
ARKANSAS.
Stewart B. Peck, Department of Biology, Carleton University,
Ottawa, Ontario, K1S 5B6, Canada, and James H. Peck, Depart-
ment of Biology, University of Arkansas at Little Rock, Little
Rock, Ark. 72204.
??Winner of the undergraduate research award.
GEOLOGY
Section Chairperson: Walter L. Manger
APRELIMINARY REPORT ON THE DEVELOPMENT OF THE
ROCK STREAMS AND ADJACENT CLIFFS ON MT.MAGAZINE,
ARKANSAS.
Victor Vere, Amada Duke and Shaleigh Hutchinson, Dept. of
Physical Sciences
-
Geology, Arkansas Tech University,
Russellville, Ark. 72801.
PALYNOLOGY OF THE BRENTWOOD MEMBER OF THE
BLOYDFORMATION, LOWER PENNSYLVANIAN,OF NORTH-
WEST ARKANSAS.
James E. Edson, Department of Natural Sciences, Universily of
Arkansas at Monticello, Monticello, Ark. 71655.
STRATIGRAPHY OFAPENNSYLVANIANDELTAICSEQUENCE
INRUSSELLVILLE, ARKANSAS.
Christopher F. Moyer and Ken Fritsche, Department ofGeology,
Arkansas Tech University, Russellville, Ark. 72801.
REGIONAL DEPOSITIONAL SETTING OF LOWER MISSISSIP-
PIAN WAULSORTIAN MOUND FACIES, SOUTHERN
MIDCONTINENT.
Walter L. Manger, Department of Geology and University
Museum, University ofArkansas, Fayetteville, Ark. 72701 and
Thomas L. Thompson, Missouri Geological Survey and Water
Resources, P.O. Box 250, Rolla, Missouri 65401.
SR/MG RATIOS IN NORTHWEST ARKANSAS LIMESTONE
UNITS.
George H.Wagner, Kenneth F.Steele and DoyL.Zachry, Geology
Department, University of Arkansas, Fayetteville, Ark. 72701.
RECONNAISSANCE OF THEGROUND WATER RESOURCES OF
STONE AND INDEPENDENCE COUNTIES, ARKANSAS.
Albert E. Ogden, Assistant Director, Edwards AquiferResearch
and Data Center, SWTSU, San Marcos, Tex. 78666, and James
R. Musgrove and Lisa Milligan,Dept. ofGeology, University of
Arkansas, Fayetteville, Ark. 72701.
RECONNAISSANCE OF THE BEDROCK AQUIFERS AND
GROUND WATER RESOURCES OFPOPE, FAULKNER, CRAW-
FORD, FRANKLIN,ANDSEBASTIAN COUNTIES, ARKANSAS.
Samuel R. Rothermel, Wyndal M.Goodman, Julie L.Wanslow,
James Musgrove, and DaryllSaulsberry, Dept. of Geology, Uni.
ofArk., Fayetteville, Ark.72701, and Albert E. Ogden, Edwards
Aquifer Research and Data Center, SWTSU, San Marcos, Tex.
78666.
BIOMEDICALSCIENCES
Section Chairperson: James Daly
METABOLISMOF 6-NITROBENZO(A)PYRENE: AMUTAGENIC
ENVIRONMENTALPOLLUTANT.
Ming W. Chou and Peter P. Fu, Carcinogenesis Research Divi-
sion, National Center for Toxicological Research, Jefferson, Ark.
72079.
BLOOD LEVELS OF 5'-BROMO-2-DEOXYURIDINE ININTRA-
PERITONEAL INFUSION FOR DETERMINATIONOF SISTER
CHROMATIDEXCHANGE INDUCTIONUSING THE HPLC.
Angelo Turturro, Narendra P. Singh, Johnny Bazare, Jr. and
Ronald W. Hart, National Center for Toxicological Research,
Jefferson, Ark. 72079.
A NEW TECHNIQUE FOR THE EVALUATION OF SISTER
CHROMATIDEXCHANGES INVIVOIN TRANSPLACENTAL
SYSTEMS.
Narendra P. Singh, Angelo Turturro, Tom Grafton, MingJ. W.
Chang and Ronald W. Hart, National Center for Toxicological
Research, Jefferson, Ark. 72079.
SEARCH FOR CIRCADIAN VARIATION IN THE BODY
TEMPERATURE OF THE NORMAL ANDNERVOUS POINTER
DOG.
Horace N. Marvin and William G. Reese, Departments of
Anatomy and Psychiatry, University of Arkansas College of
Medicine, Little Rock, Ark. 72205.
CONSIDERATIONS OF PRESSURE-INDUCED MYOCARDIAL
HYPERTROPHY: CYCLIC NUCLEOTIDE LEVELS AND THE
EFFECTS OF CATECHOLAMINEDEPLETION.
James R. Nichols and Norberto C. Gonzalez, Department of
Biology,University ofCentral Arkansas, Conway, Ark. 72032,
and Department of Physiology, University of Kansas Medical
Center, Kansas City, Kansas 66103.
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DARK REPAIR OF LETHALDAMAGE INDUCED INAHYBRID
MAMMALIANTISSUE CULTURE CELL LINE BY ULTRA-
VIOLETLIGHT.
Robin L.Haetten, Margaret C.M. McGuinness and H. Gaston
Griggs, Department of Biology,John Brown University, Siloam
Springs, Ark. 72761.
?EFFECTS OF VARIOUSTREATMENTS ON THEDISTRIBUTION
INRATS OF IMMUNECOMPLEXES CONTAININGANTIGENS
OF MuLVLEUKEMIAVIRUS.
Wail M.Saig, Jean Matchett, and Joe M.Jones, Department of
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MACROINVERTEBRATE UTILIZATIONOF LEAF
DETRITUS INA RIFFLE OF THE
ILLINOISRIVER, ARKANSAS





Small (5 g) leaf packs were placed in a shallow riffle area of the IllinoisRiver inwestern Benton County,
Arkansas, and sequentially retrieved after various exposure times during the winter and spring of 1980.
Oak leaves (Quercus shumardii) were utilized more rapidly (9.2% remaining after 91 days), followed
by oak/sycamore (Q. shumardii/Platanus occidentalis) leaf packs (31.8% remaining after 91 days).
Sycamore {P. occidentalis) was the slowest processed type (32.2% remaining after 91 days). The
initial colonization by shredders as characteristic of northern U S. streams did not occur in this study.
Collector organisms were present in the leaf packs throughout the study. Predominant shredder organisms
included stonefly nymphs (Plecoptera: Nemoura sp., Allocapnia sp., Taeniopteryx sp.) and caddisfly
larvae (Trichoptera: Pycnopsyche sp., Limnephilidae). Predominant collector organisms included midge
larvae and pupae (Diptera: Chironomidae) and mayfly nymphs (Ephemeroptera: Leptophlebia sp.,
Ephemerella sp., Stenonema sp.).
INTRODUCTION
Allochthonous input in the form of leaf litter is one of the most
important sources ofenergy for macroinvertebrates in woodland streams
(Minshall,1967). This energy currency plays a major role inthe stream
ecosystems of the Ozark Region innorthwestern Arkansas. Most of
the small order streams of this area possess riparian vegetation which
forms a canopy that overhangs a substantial portion of the stream.
Initial conditioning of leaf material begins with microbial invasion
of the leaf surfaces and penetration into the matrix (Suberkropp and
Klug,1976). After this initial colonization shredder species begin to fur-
ther process the leaf material and make available to collectors a high
quality foodstuff (Cummins et al., 1973; Short and Maslin, 1977). Leaf
material itself may serve as habitat forcollector organisms through its
coarse paniculate organic matter (CPOM lmm) component;
associated fine paniculate organic matter (FPOM <lmm) liberation
from the action of other organisms may serve as food for collectors
as well (Short et al., 1980).
Rates ofprocessing ofdetrital material are believed to be the result
ofthe interplay ofseveral factors: temperature (Petersen and Cummins,
1974); physical fragmentation by water current (Benfield et al., 1977);
pre-conditioning of leaves before entering the stream (Kaushik and
Hynes, 1968); presence and kindofshredder activity (Short and Maslin,
1977); substrate particle size (Reice, 1974); and microbial and
macroinvertebrate fauna present (Kaushik and Hynes, 1968; Ander-
son and Sedell, 1979). Leaf pack studies attempt to investigate rates
ofprocessing ofleaves by means of models which approximate the leaf
packs that occur under natural conditions.
Few studies, ifany, of this type have been attempted in Ozark streams.
Inaddition, very few studies have investigated the effect on processing
rates of leaf packs composed of more than one species of leaves.
Therefore, the present study was initiated. This study is one compo-
nent of a series of investigations into the trophic dynamics of the
Illinois River system.
STUDY SITE
The Illinois River which serves as a majordrainage ofthe southwestern
Ozarks Region in northwestern Arkansas and flows across the
Springfield Plateau is a fifthorder stream at the study site. Sub-climax
oak-hickory forest and intermittent cleared pasture area border the
stream. Sycamore (P. occidentalis) and shumard red oak (Q.
shumardii) occur in great numbers along the stream banks as well. The
stream channel is characterized by an alternating riffle and pool
arrangement with rock substrate.
MATERIALS ANDMETHODS
Leaf processing rates were studied using 5 gleaf pack samples bound
tobricks with monofilament nylon line as described by Petersen and
Cummins (1974). Leaves of shumard red oak (Q. shumardii) and
sycamore (P. occidentalis) were collected in January 1980. Oak leaves
were collected from one tree prior to abscission. Sycamore leaves were
collected from a grassy area under one tree and were selected against
having touched soil. The leaves were air-dried in large containers for
7 days and weighed into 5 g packs consisting of oak, sycamore, and
oak/sycamore configurations. The packs were bound onto bricks and
placed in a rifflearea of the stream on 18 January. Three leaf packs
of each type were removed from the stream after 2, 7, 14, 21, 35, 49,
63, and 91 days. Samples were collected by removing the brick from
the stream bed in one motion, releasing the leaf pack, and placing it
in a plastic bag for transport to the laboratory. Samples were
processed immediately upon return to the laboratory using tap water
torinse offsediment and silt deposited on the leaf packs while on the
stream bed. Macroinvertebrates were hand-picked from the samples and
placed in 75% ethanol for later analysis.
The intact leaves and small fragments were dried at 60°C for 48 hours,
allowed to equilibrate in air and weighed. Macroinvertebrates were iden-
tified,enumerated, and weighed after dryingat 60 °C for 24 hours. No
correction for mass loss due to preservation techniques have been made.
Fall-winter leaf processing has been thought to followthe exponen-
tial decay model proposed by Petersen and Cummins (1974): Y, =
Yoe"
kt,where Y, is the amount remaining after time t of the initial
amount Yo and k is the loss rate or processing coefficient. Processing
coefficients were calculated using linear regression.
Macroinvertebrates were assigned to functional groups according to
Merrittand Cummins (1978) and by visual observation of feeding habits
in cases of trophic generalists.
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RESULTS
Leaf Processing
Mass lost by the leaf packs through time is shown inFigure 1.Initial
mass loss is thought to be from leaching and the subsequent gain in
mass is due to initial colonization of the leaf packs by microbes and
fungi. After weight loss due to leaching and subsequent microbial
colonization, all three leaf types exhibited a linear rate of loss. Oak
leaf packs demonstrated the most rapid processing. The sycamore and
mixed oak/sycamore leaf packs were more slowlyprocessed withno
significant differences in rates ofprocessing between the two. Process-
ingcoefficients (k) foroak, oak/sycamore, and sycamore leaf packs
were 0.025, 0.012, and 0.011 respectively.
Table 1. Major macroinvertebrate taxa collected on leaf packs in the
Illinois River, Arkansas. Functional group classification: C = collec-
tor; S = shredder; P = predator; O = other; + ¦ presence.
Func- Oak/
Taxon tinnal Syca- Syca- Oak
Ephemeroptera
Leptophlebia sp. C + + +
Ephemerella sp. C + + +
Baetis sp. C + + +
Tricorythodes sp. C + +
Plecoptera
Nemoura sp. S + + +
Helopicus nalatus P + + +
Perlesta sp. P + +
Acroneuria sp. P +
Chimarra sp. C +
Limnephilidae S + +
Diptara
Chironomidae C + t +
Slmulium sp. C + + +
Isopoda
Llrceus sp. C/S + * *
Decapoda
Total Number of Taxa 23 22 17
Densities ofcollectors far exceeded those ofshredders (Figure 2) in
all three leaf pack types. Collector organisms appeared responsible for
initial colonization and biomass gain ofmacroinvertebrates per g leaf
pack of the leaf packs. Within 7 days collectors showed high densities,
reaching maximum densities at 35 days, after which a gradual decline
occurred. Shredder densities didincrease with time but never approached
collector density values. Highest shredder density occurred around day
63, after collector densities had begun to decline. Biomass densities were
calculated in addition to numbers and showed essentially the same
results. One notable exception occurred on the day 63 sample in the
sycamore leaf pack when shredder biomass (mg) per g leaf pack
exceeded collector biomass by a factor of 7. This was accounted for
by the presence ofa large crayfish (Orconectes neglectus neglectus) col-
lected from the sycamore pack.
Figure 1 Loss in mass of leaf packs in the Illinois River, Arkansas,
y 1980 through 18 April1980. • =Oak; ¦ =oak/Sycamore;18 January
Macroinvertebrates
The major macroinvertebrate taxa are shown in the Table. The
predominant shredders included stonefly nymphs (Plecoptera: Nemoura
sp., Allocapnia sp., Taeniopteryx sp.) and caddisfly larvae (Trichoptera:
Pycnopsyche sp., Limnephilidae). Collector organisms were represented
bymidge larvae and pupae (Diptera: Chironomidae) and mayfly nymphs
(Ephemeroptera: Leptophlebia sp., Ephemerella sp., Stenonema sp.).
Essentially the same macroinvertebrate fauna invaded the three different
leaf types.
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Results of this study show that the leaf packs investigated are
processed at a faster rate in the Ozarks Region of the Illinois River than
inother studies using similar leaf types (Petersen and Cummins, 1974;
Benefield et al., 1977; Benfield et al., 1979). The rates determined by
this study were also faster than those obtained in a study in a slough
area at the same study site (F. D.Petty and A.V. Brown, pers. comm.).
This could be due to a temperature regime higher than those ofother
studies (X = 10°C). The method ofassemblage of the leaf pack has
been demonstrated to have considerable influence on processing rates
(Benfield et al., 1979). Current velocitymay have had some mechanical
effects on leaf pack breakdown, as noted in other studies (Benfield et
al., 1977), but with less severe influence on processing.
Oak leaf packs were processed more rapidly than oak/sycamore or
sycamore leaf packs. This could be that oak leaves have been found
to have high nitrogen levels, thus act as a higher quality food source
(Suberkropp et al., 1976) and are preferred; however, numbers or
biomass oforganisms did not indicate this. Shumard red oak appears
to be amore delicate leaf than ones used in other studies and may con-
2. Colonization of leaf packs in the Illinois River, Arkansas,
ng functional group classification = Collectors
tribute to the faster processing rates as well. Inthe case of the mixed
species pack, one might expect the processing rate to be intermediate
to oak and sycamore types; however, the rate of processing of the
mixed pack appears to be determined by the slowest leaf species
present in the pack. Very few, ifany, studies have investigated mixed
species leaf packs and offer no basis for comparison of these results.
Collector organisms appeared most dominant among the
macroinvertebrates collected from the leaf packs throughout the
entire study. This is a similar situation to that of the Petty and Brown
(pers. comm.) study in a slough at the same study site. Shredders
occurred in lower densities than collectors, and the slower leaf packs
contained higher shredder densities than the faster types. One explana-
tion for this is that the method ofcollection of leaf packs and/or the
leaf packs themselves excluded the larger shredder/processors. At the
time of this study, there were many crayfish present in the rifflearea;
onlyone such organism was collected among the 81 samples taken. Non-
collection of these organisms thought tobe resonsible for the majority
of the shredding activitycould explain lower shredder densities in terms
ofnumbers and biomass of the leaf pack types investigated. Alternative-
ly,shredder organisms may not be as important in the breakdown of
leaves in this stream since it also possesses some characteristics of
pastureland streams. Insome of these, shredder activities are less im-
portant to the breakdown ofleaves than they are in woodland streams
(Benfield et al., 1977).
The predominance of collector organisms could further be
explained in terms of nutrient availability from all size classes ofdetritus
present, as indicated byother studies (Egglishaw, 1964; Minshall, 1967;
Short et al., 1980). Ward and Cummins (1979) indicated that food quali-
ty is of importance to collector species as well as shredder species. Thus,
allochthonous input of fresh leaves, a high quality food, and their
associated FPOM after conditioning, may serve as a better food source
than FPOM of the substratum. Availabilityand quantity ofFPOM from
different leaf types of the Ozarks region should be further investigated
to assess relative importance to the trophic dynamics of stream
ecosystems in this region.
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LEAF DETRITUS PROCESSING IN
ANOZARK CAVE STREAM





Detritus processing rates and mechanisms were investigated in an Ozark cave stream using post oak
(Quercus stellata) leaf packs. The 5 gleaf packs lost ca. 30% of their dry weight within84 days, resulting
ina calculated K value of 0.05. This was an unexpectedly high rate of utilization. Diversity ofinvertebrates
associated with the leaf packs was very low. Stygobromus ozarkensis (Amphipoda) was the only
shredder. The two isopods, Caecidotea stiladactyla and Lirceus sp. were the only collectors
observed other than a single species of oligochaete worm. Our data indicated that leaf detritus
processing rates are virtuallyindependent of the number or types of invertebrates associated with the
leaf packs.
INTRODUCTION
The overwhelming importance of leaf detritus processing by
macroinvertebrates to the trophic dynamics of stream ecosystems has
been well documented (see Anderson and Sedell, 1979, and references
therein). Allochthonous detritus processing forms the central theme of
the recently developed River Continuum concept (Vannote et al., 1980)
and the related general mathematical model for streams (see Mclntyre
and Colby, 1979). Woodland stream ecosystems oforder 1-4 are primari-
ly heterotrophic and most of their energy is derived from inputs of
allochthonous leaf detritus (Minshall, 1967; Cummins et al., 1973;
Cummins, 1974). However, autochthonous production by periphyton
and aquatic macrophytes is considerably important in some epigean
(surface) stream ecosystems (Minshall, 1967). Natural cave systems are
certainly dependent on allochthonous materials for an energy supply
because they have no autochthonous production. In contrast with
epigean systems, hypogean environments remain relatively unchanged
seasonally. Air and water temperatures fluctuate only slightly, there
is an absence of light, and water chemistry is more stable or pre-
dictable in caves. Cave fauna are quite distinct from epigean community
fauna (see McDaniel and Smith, 1976) but detritus processing
mechanisms in cave streams may not be very different from those in
surface streams. Considering the simplified environments of caves,
regarding less fluctuation in physical and chemical parameters and
decreased species diversity, they have the potential ofserving as natural
laboratories forstudy of fundamental ecological processes in a less com-
plex ecosystem. Poulson and White (1969) have pursued the idea of
using cave ecosystems in this way.
Ozark caves can be classified into three basic types; sink hole,
tunnel and seepage caves (see Hubricht, 1950). Sink hole caves are of
particular interest because a substantial amount ofpaniculate organic
matter such as leaf detritus may enter the system via the sink hole. This
material may be distributed downstream toward the mouth ofa cave
and provide nutrients for the underground stream community. The
primary objectives of this investigation were to determine the rate of
leafdetritus processing in a sink-hole cave stream, and identify the cave
organisms associated with this process.
METHODS ANDMATERIALS
Dickerson Cave, located approximately 9 km north of Cherokee
City, Benton County, Arkansas (T19NR34WS2), was selected for this
study. The cave has an accessible lengthofca. 100 m with a small per-
manent spring-fed stream traversing its length. There is a sink hole
located near the head of the cave that is the source of allochthonous
input.The sink hole area is sparsely forested with oak (Quercus stellata
Wang).
Leaf packs (5g) were prepared bycollecting dry leaves from an oak
tree (Q. stellata) near the sink hole, drying them to a constant weight
at 55° C, and stapling them to a small plastic insert. On 26 January,
1980, 27 leaf packs were placed on the substrate of the stream 20-25
m within the cave. Three of the packs were retrieved foranalysis after
days 3, 7,21, 28, 35, 42, 56, 70, and 84. Organisms found in the leaf
packs were identified, counted and immediately released unharmed in
the cave. This was considered necessary to avoid depletion of the cave
populations. Leaves were then returned to the laboratory where they
were lightlyrinsed in tap water, dried to a constant weight at 55° C,
and weighed. Several chemical and physical measurements were routinely
taken using standard methods. These included dissolved oxygen, pH,
conductivity, turbidity, flow rate, water depth, and air temperature.
RESULTS ANDDISCUSSION
The physical and chemical parameters monitored remained
relatively constant during the study (Table 1). Dissolved oxygen was
always near saturation, pH remained between 7.2 and 7.4 and turbidi-
ty ranged from 10.5 to 16.5 NTU. Water temperature averaged 12.5°
C with a drop to 10° C following a heavy snow prior to day 21. Air
temperature was more variable (3-16° C)in this small cave. Flow,depth
and, to a lesser extent the other parameters, showed changes on day
21 due to an influx of water from melting snow.
Table 1. Chemical and physical parameters of Dickerson Cave,
Benton County, Arkansas, from 26 January through 19 April1980.
DISSOLVED TEMPERATURE
DAY OXYGEN pH AIR 11,0 TURDIDITY CONDUCTIVITY DEPTH FLOW
(MG/L) (°CI (HTUI (i.MHOS/CM) (CM) (CM/SEC)
0
-
7.5 9 13 14 95 5.5
3 9.3 7.6 7 12.5
-
105 5.5 10.1
7 8.9 7.4 6 13 14.5 110 3.5 9.4
21
-
7.2 5 11 16.5 82 24.5 26.2
28 9.1 7.4 11 11.5 15.5 100 2.5 11.1
35 9.9 7.4 3 13 12 115 4.0 9.2
42 9.9 7.7 10 10 12.5 120 3.5 9.1
56 10.2 7.3 16 13 10.5 115 5.0 16.3
70 9.1 7.4 11 14 11.1 123 4.0 17.4
84 8.9 7.4 11 14 11.6 119 3.0 9.7
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The leaf packs lost approximately 30% of their dry weight during
the 84 day study period (Figure). There was an initial weight loss due
to elution ofsoluble compounds during the first three days. Leaf packs
then increased in weight between days 3 and 7 as they were colonized
by bacteria and fungi (see Suberkropp and Klug,1976; Cummins, 1977).
However, a linear regression model ofleaf weight remaining (Y)after
the days ofexposure (X) fit the data quite well (Y
== -0.02X + 4.7,
r = 0.90, Figure).
Sedell, 1979). Mdntyreand Colby (1979), using their stream ecosystem
model, generated a series of hypotheses including one that stated that
ifmacroconsumers were removed from a stream section, microbial
activity would process most allochthonous inputs. The results of our
investigation support this hypothesis in that the leaf processing rates
in the cave stream were comparable to rates in surface streams despite
the depauperate fauna in the cave.
The cave stream benthic macroinvertebrates which colonized the leaf
packs fit into two functional group categories as discussed by
Cummins (1974) and Anderson and Sedell (1979). Slygobromus
ozarkensis (Holsinger), a hypogean amphipod, was the only shredder
organism present. Itoccurred rather infrequently and in low numbers
(see Table 2). Collectors included two isopods, Caecidotea stiladactyla
Mackin and Hubricht (hypogean) and Lirceus sp. (epigean) which were
considerably more numerous. An unidentified species of oligochaete
worm was collected only on the final sample date. There were no
sequential trends ofcolonization by functional groups (i.e., shredders,
collectors, predators) inthis study. Other organisms observed near but
not in the leaf packs were crayfish, Orconecles neglectus (Faxon), and
the salamander Eurycea lucifuga Rafinesque. Orconectes is an omnivore
which occasionally feeds on detritus and would be classified as a
shredder. The reduction in total organisms associated with the leaf packs
on day 21 was probably caused by the increased flow of water (Figure,
Table 2). Sometime between days 56 and 70 the cave was apparently
(footprints were obvious) visited by spelunkers who disturbed the leal
packs, causing a second drop in the number oforganisms in the packs.
There was no apparent correlation between the numbers oforganisms
associated with the leaf packs and the rate of processing (see Figure).
Our data indicate that the rate of leaf detritus processing is
independent of the number or types of invertebrates associated with
'he leal packs. The processing rate in the cave as indicated by the slope
of the regression line (-0.02) or by a K value (0.0498) calculated
according to the method established byPetersen and Cummins (1974)
are virtually identical to those reported by other investigators using
similar leaf types (oak) in a variety ofhabitat types (see Mathews and
Kowalczewski, 1969; Petersen and Cummins, 1974; Anderson and
Table 2. Organisms (N/leaf pack) collected in leaf packs from
Dickerson Cave, Benton County, Arkansas, from 26 January to19 April
1980.
_,
Y CAECIDOTEA STYGOBROHUS LIRCEUS OLIGOCHAETA T0TAL(COLLECTOR) (SHREDDER) (COLLECTOR) (COLLECTOR)
3 16 1 7 0 24
7 29 0 7 0 36
21 7 1 5 0 13
28 27 0 5 0 32
35 18 1 2 0 21
42 35 0 6 0 41
56 21 0 1 0 22
70 7 0 0 0 7
84 33 1 1 3 38
ACKNOWLEDGEMENTS
Funding for this project was provided by NSF-
EPSCOR grant 1SP8011447 and the University of
Arkansas.
LITERATURE CITED
ANDERSON, N.H., and J. R. SEDELL. 1979. Detritus processing
bymacroinvertebrates instream ecosystems. Ann. Rev. Entomol.
24:351-377.
CUMMINS,K. W. 1974. Structure and function ofstream ecosystems.
BioScience 24:631-641.
CUMMINS,K.W. 1977. From headwater streams torivers. American
Biology Teacher 39:305-311.
CUMMINS, K. W., R. C. PETERSEN, F. O. HOWARD, J. C.
WUYCHECK, and V. I.HOLT. 1973. The utilization of leaf
litter by stream detritivores. Ecology 54:336-345.
HUBRICHT, L. 1950. The invertebrate fauna of Ozark caves. Bull.
Nat. Speleol. Soc. 12:16-17.
MATTHEWS, C. P., and A.KOWALCZEWSKI. 1969. Disappearance
of leaf litter and its contribution to production in the River
Thames. J. Ecol. 57:543-552.
McDANIEL,V. R., and K. L.SMITH.1976. Cave fauna ofArkansas:
Selected invertebrate taxa. Proc. Ark. Acad. Sci. 30:57-61.
Figure. Rate ofOak (Quercus slellala)leaf pack utilization and numbers
of associated invertebrates in Dickerson Cave, Benton County,
Arkansas, from 26 January through 19 April, 1980.
17
Journal of the Arkansas Academy of Science, Vol. 36 [1982], Art. 1
Published by Arkansas Academy of Science, 1982
1
16 Arkansas Academy of Science Proceedings, Vol. XXXVI,1982
Leaf Detritus Processing in an Ozark Cave Stream
McINTYRE,C.D., and J. A.COLBY. 1979. Ahierarchial model of
lotic ecosystems. Ecol. Monogr. 48(2):167-190.
MINSHALL,G.W. 1967. Role ofallochthonous detritus in the trophic
structure of a woodland springbrook community. Ecology
48:139-149.
PETERSEN, R. C, and K. W. CUMMINS. 1974. Leaf processing in
a woodland stream. Freshwater Biol. 4:343-368.
POULSON, T. L.,and W. B. WHITE. 1969. Thecave environments.
Science 165:971-981.
SUBERKROPP, K., and M. J. KLUG. 1976. Fungi and bacteria
associated with leaves duringprocessing ina woodland stream.
Ecology 54:707-719.
VANNTOE,R. L., G. W. MINSHALL,K. W. CUMMINS,J. R.
SEDELL, and C. E. CUSHING. 1980. The rivercontinuum con-
cept. Can. J. Fish. Aquat. Sci. 37:130-137.
18
Journal of the Arkansas Academy of Science, Vol. 36 [1982], Art. 1
https://scholarworks.uark.edu/jaas/vol36/iss1/1
!
Arkansas Academy of Science Proceedings, Vol. XXXVI,1982 17
WILD COMMERCIAL FISHERY OF ARKANSAS
TOMMIE CRAWFORD and MIKEFREEZE
Arkansas Game and Fish Commission
Number Two Natural Resources Drive
Little Rock, Arkansas 72205
ABSTRACT
Arkansas' wild commercial fishery industry was surveyed to evaluate commercial fish products
produced within the state. The total wildcommercial catch for the period of 1 July 1980 to30 June 1981
was approximately 8,680,124 kg with a value of $6,245,967. These values represent an increase of
approximately 3% from the previous year. The bulk of the commercial harvest was made up of buffalo
fishes (Ictiobus spp.), catfishes {Ictalurusspp), gars (Lepisosteus spp.) and carp {Cyprinuscarpio).
The number ofcommercial fishermen remained relatively unchanged from 1979-1 980, with3,843 licensed
fishermen operating on the state's waterways. The number of licensed hoop nets and long lines (trot
or throw lines) increased slightly, while the number of licensed long nets (gilland trammel nets) in use
increased 29%.
INTRODUCTION
For many years, commercial fishing inboth reservoirs and rivers has
been used both as a fishery management tool (Grinstead, 1975;
Seidensticker, 1977) and as a means to utilize fishes otherwise
seldomly used (Heard, 1959; Parrock and Mensingtr, 1968; Higham,
1974). Traditionally,commercial fishermen have employed methods such
as gillnetting, hoop netting and hook and line toharvest fishes such
as buffalo (Ictiobus spp.), catfishes (Ictalurus spp. and Pylodictis
olivaris), gars (Lepisosteus spp.), carp (Cyprinus carpio), drum
(Aplodirwtus grunniens), sturgeons (Scaphirhynchus spp.) and pad-
dlefish (Polyodon spathula).
Regulated by the Arkansas Game and Fish Commission via seasons,
tackle restrictions and licenses, a wild commercial fishery exists in
Arkansas. Based primarily on the larger, lowland waterways of the
Arkansas, Red, White and Mississippi river systems, this fishery has
evolved into a several million dollar per year industry (Henderson et
al., 1980; Crawford and Freeze, 1982).
As part of an ongoing study to monitor the commercial fishery
industry of Arkansas, this survey was conducted to 'letermine harvest,
trends and monetary value of the wild commercial fishery ofArkan-
sas. The study was partially funded by Public Law 88-309 through the
National Marine Fisheries Service.
MATERIALS ANDMETHODS
Commercial fishermen operating on the four major river systems in
the state were divided into two classifications. Based upon the licensed
pieces of tackle owned, fishermen were grouped as casual fishermen
(those who sell little of their catch) or regular fishermen (those who
make their living fishing). Onoccasion, commercial fishermen were ac-
companied by district fishery personnel. Observations recorded included;
types ofgear fished, time periods each piece ofgear was used, and the
number and weight of each fish species taken. Commercial gear was
also fished by fishery biologists in their respective districts. Commer-
cial fishing gear used included hoop nets (baited or unbaited) with a
mesh equal to or greater than 5.3 cm, long nets (gilland trammel nets)
of various lengths with a mesh equal to or greater than 7.6 cm and long
lines (trot lines and snag lines) ofvarious lengths with drops no closer
than 0.6 m. Information obtained from these gear types were used to
calculate catch per unit of effort values.
Average wholesale prices and the mean number of days fishermen
operated in each riversystem were obtained bypersonal interviews with
commercial buyers and fishermen. Estimations of mussel shell harvesl
were obtained from telephone interviews with shell buyers. Data were
then correlated with a computer listingof commercial fishing license
sales to determine total catch estimates and the value of the statewide
industry. Comparisons made to 1979-1980 data utilized data compiled
by Freeze and Fiegel (1981).
RESULTS AND DISCUSSION
When examined on a statewide basis, the number of both casual and
regular fishermen (Table 1) remained relatively unchanged from the
previous year. However, within the various river systems the number
of individuals operating (Table 1) varied somewhat from 1979-80. The
number of casual fishermen were slightlylower ( -4%) in the White
River system, while slight increases were noted for casual fishermen
in the Mississippi ( + 1%) and Red River (+ 4%) systems. ASomewhat
more substantial increase (+10%) was noted for casual fishermen in
the Arkasnas River system. The number ofregular commercial fishermen
declined three, seven and 13 percent in the Mississippi, Arkansas and
White river systems, respectively. The only increase in regular fishermen
occurred in the Red River system ( +23%).
Table 1. Number oflicensed commercial fishermen and gear by river
systems (July, 1980
- June, 1981).
Number Number Number Number Number
of of of of of
River Regular Casual Licensed Licensed Licensed
System Fishermen Fishermen Long Nets Hoop Nets Long Lines
Arkansas V\6 880 1.648 1,752 1,680
Red 87 1,076 1,981 i,660 606
White 96 1,080 1.568 3,109 1,467
Mississippi 73 430 868 1.053 981
Statewide Totals 372 3,466 6,065 7,619 4.834
The numbers of licensed commercial fishing gear (Table I) increas-
ed during 1980-81. The total number of hoop nets and long lines in
use increased slightly,while the number of long nels in use increased
approximately 29%. Shifts in the types of gear inuse among regular
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fishermen were noted in the Mississippi, Red and White river systems. The total harvest of fish (Table 4) increased slightly from 1979-80.
The number of licensed hoop nets in use in these systems decreased. Harvest from the Arkansas anJ Red river (Table 4)systems were down
while the number of long nets in use increased 14%, 39% and 59%, markedly (approximately 45%) even though an increase in the numbers
respectively. of fishermen was noted inthe Red River system. These decreases were
Catch per unit effort totals (Table 2) were greatest in the White River overshadowed by increases of 45% from the White River system (Table
system for all types of gear. In all river systems, long nets exhibited 4)and a twofold increase inthe Mississippi River system (Table 4). The
the best catch per unit effort. With the exception of the Red River decrease noted in the Arkansas River system was probably due to the
system, catch per unit effort totals in allsystems were two to five times reduction in both the number ofregular fishermen and pieces of gear
greater than those recorded in 1979-80. fished by them. The reduction in catch from the Red River system can
only be explained byextremely low catch per unit effort values (Table
2). Increases noted in the two remaining systems in alllikelihood resultedTable 2. Arkansas catch per unit effort values (kg) by river systems from a shift in the use of hoop nets l0 the use of,ong nets and ,ong






Species Hoop nets long Sets lonqlines Hoop Hets Long fftts longlInes K J
Utfish J.57 22.21 7.39 0.19 18.30 18.48
Puffilu 0.88 13.66 .29 10.60 60.28
c«t m-m Table 4. Statewide commercial fish harvest by river systems"""
"¦" '¦" (July, 1980 - June, 1981).
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o.3i ... The monetary value of the statewide harvest (Table 4) was approx-
sturoeon
—
0.73 imately 3.7% higher than that of 1979-80. As could be expected, due
Turtles
—
o.44 ... to decreased harvest ,the value of the fisheries in the Arkansas and Red
riversystems (Table 4) was down considerably while large increases were
noted in the value of the White and Mississippi river systems' fisheries
'Single piece of gear ftihed for one night. (Table 4).
As in previous eyars, buffalo fishes were the principle species harvested
Wholesale prices paid to commercial fishermen (Table 3) were for (Henderson and Freeze, 1979; Henderson et al., 1980; and Freeze and
the most part unchanged from the previous year. Exceptions were slight Fie8el
- 1981>> comprising 43% of the harvest. This was followed by
increases in the price of cat fishes (+ 4.7%) and buffalo ( +3.3%) and catfishes (22"8(%
>- gars (17.9%), carp (11.8%) anddrum (3.7%). W.th
a slight decrease in gar prices (
-4.7%). the exception ofcarp, these fishes generally represented the higher priced,
more intensively sought after species.
Marked increases in catches ofcatfishes and gars probably resulted
Table 3. Average Wholesale fish prices in Arkansas from July, 1980 from an increase in the use of long nets as opposed to hoop nets. The
through June, 1981 (price/kg). increased mussel harvest (ten-fold increase) was in all likelihood due—
Arkansas WFTte
— —
Re3 Mississippi to the low riverlevels experienced in the summer and fallof 198 1,making
__£__ River System River System River System River System mussels more accessible to fishermen.
Catfish 1.32 1.58 1.54 1.32 The harvest of white amur (Ctenopharyngodon idella), which only
66 68 ?3 66
represented 0.55% of the total catch by weight, was noteworthy since
this species has received increased attention recently. The harvest of
CarP
-
22 - 22 - 33 - 22 224,965 kg of white amur represented a five-fold increase over the
Drum .66 .44 .77 .66 preceding year.
Gar 33 33 44 26 As a ready market for paddlefish roe is available in nearby states
(Carlson and Bonislawsky, 1981), the relatively small catch ofpaddlefish
white Amur .66 .55 .66 .51 js par tjallydue to the absence of known spawning grounds in Arkansas.
Paddlefish .33 .55 .66 .55 Due to increasing red meat prices, the per capita consumption of fish
Bowfjn n n n n products by the publichas increased significantly in the past and is
expected to continue to do so in the near future (USDA, 1981). This,
carpsucker .66 .11 coupled with a severe drought related decline in Arkansas' aquacultural
sturgeon .66 .66 .66 .66 products and good reproduction of commercial fish species in theArkan-
,o „ sas River (Crawford and Freeze, 1982), indicates stable and favorableTurtles .55 .by .dd .by industry conditions for the future.
Mussel Shells Statewide Average ¦ $390/metric ton
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A CONTINUATIONOF SPIDER RESEARCH
INARKANSAS: EAST CENTRAL
OZARK MOUNTAINAREA





A preliminary study of spiders concentrated in the eastern section of the Ozark Mountain Area was
made for the purpose of determining spider fauna in an on-going research effort to elucidate the total
spider fauna of the entire state. At present, 247 species of spiders have been reported.
MATERIALS AND METHODS
Several methods ofcollecting were used in the east central Ozark
Mountain Area. They were (a) heavy duty sweep net to sweep grasses
and heavy brush, (b) wire mesh sieve to sift leaf litter,(c) hatchet for
chopping bark off trees, (d) hand picking from bushes, ground and
old dwellings or other related places (e) mud dauber nest collections
to reveal paralyzed spiders captured by mud daubers, (f) night spot-
lighting.
Collections were made primarily between the hours of 9A.M. and
5 P.M. Spiders were placed in screw cap vials with 75% ethyl alcohol.
Toensure collection of nocturnal species, one night collection was made
at each check station. The number of specimens collected decreased
as the temperature and humidity increased. Spiders were engaged in
numerous and varied activities. Orb weavers were inthe process of web
construction, capturing prey, or sitting at the hub of their web awaiting uwpm. ».r,in«t.
prey. Funnel web weavers were also awaitingprey at the mouth of their
funnels. Hunting forms which do not spin webs were stalking or eating
prey. Activities ofindividuals could not be ascertained when captured
with a sweep net.
Table. Data concerning spider collections made in the Ozark Mountains.
Dlctyna aublata (Henti) 7/27/81 2 SN Roadside
Tltanoeca amricana Emerton 7/27/BX 2 SN Roadside
7/27/B1 2 P Roadaide
3/15/81 3 P Roadside
G/J/61 5 SN Boadsid*
Steatoda trianquloaa (Walckcnaer) 2/10/79 1 P Roadmida
~^!::- :;: : : =
INTRODUCTION
For the past 15 years, research has been pursued concerning the spider
fauna of Arkansas. Dorris (1968, 1969, 1970, 1971, 1972, 1977) has
made extensive studies of the spider fauna of two physiographic areas
of Arkasnas. At the present time, 247 species of spiders have been
reported for Arkansas. This is the third of a series ofstudies which
willinclude: Ozark Mountains, Arkansas River Valley,Ouachita Moun-
tains, GulfCoastal Plain, Delta and Crowley's Ridge. The east central
portion of the Ozark Mountain Area is included in this study which
revealed a total of 84 species, five of which were new for the state.
Habitats used in the Table can be described in the following c.r.tic.i». «n»ui.
<¦>..*.)
manner: forests, mixed deciduous and pine; buildings, inhabited dwell-
ings, abandoned dwellings, barns, and other out buildings; cave, "¦¦•"""*' ¦">¦"'" (»•><*....«)
Blanchard Springs Caverns; roadside, bare ground and mixed grasses,
and fields, mixed grasses, shrubs, and herbs.
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7/27/81 2 SN Roadside
Ballua youngii (C. i. E. Peckhan) 3/15/81 3 p Roads id
luidu
Coras medicinalis (Hentrl 3/15/81 3 P Ro«dtia«
7/4/B1 lb P roreat
3/15/B1 4 SN Roads id
Pisaurina mlra (Walckenaer) 7/27/61 2 SN Roadside 7/27/81 2 SN Roads id
Eria marginata (Walckenaer) 7/27/81 2 SN Roadsid
Erim aurantia (Lucas) 7/14/81 5 SN Roadaid
Metaphidlppua protervua (Walckenacr) 2/10/79 1 p Roadsid
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For complete coverage of the east central section of the Ozark
Mountain Area, check stations were set up in the northern, western,
southern, and eastern sections of this area. Check points were covered
fromFebruary, 1979 through August, 1981,and each was checked four
or more times during the period to ensure complete coverage; sub-
stations were checked one to three times (Figure).
Names used are those employed by Comstock (1948), Kaston and
Kaston (1953) and Gertsch (1974). The arrangement followed is that
of Kaston and Kaston (1972) and Kaston (1948).
Figure. Map of Ozark Mountain Area showing check stations
RESULTS AND DISCUSSION
A total of23 families, 62 genera, and 84 species was collected in the
east central Ozark Mountain Area, with potentially 5 new species
added to the state record (Table).
Several specimens have been sent to authorities for identification and
verification of species which are believed tobe new records for the state.
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ABSTRACT
Qualities and quantities of parameters composing the bog systems in Northeast Arkansas are not
entirely reflective of those defining bogs of the northern United States. While pH is restricting to the
organisms of each bog studied (4.8-6.9), the major limitingfactor is the amount of available water. Three
acidophilic bogs withshallow water depths (2-30 cm) yielded a total of75 aquatic macroinvertebrate taxa.
The bog with greatest surface area supported 67 taxa and amean numerical standing crop of 14organisms/2
hr sampling period. The bog with the smallest surface area had 13 taxa and a mean standing crop of
2 organisms/2 hr sampling period. No clear seasonal fluctuations were observed inthese bogs because
the standing crops were never great, and because the amount of water available exerted the greater
influence. Water levels did not always fluctuate in consort among the bogs.
INTRODUCTION
Herein, a bog is defined as a peat-covered area or peat-filled
depression witha high water table and a surface mat ofmosses, chief-
lySphagnum. The presence of an extreme limitingfactor inbogs (low
pH) results in a relatively simple ecosystem (McLachlan and McLachlan,
1975; Saber and Dunson, 1978). Within the spectrum ofexisting bog
ecosystems, bogs previously studied have been relatively large and com-
plex (Welch, 1952; Heinselman, 1963; McLachlan and Dickinson, 1977;
Ramcharan and Paterson, 1978), rather than small forested bogs, such
as those reported inthis study. Furthermore, greater emphasis inother
bog studies was placed upon the plant communities rather than on
describing the aquatic macroinvertebrate communities. An absence of
effective faunal sampling devices for this ecosystem type has perhaps
compounded the problem.
Apparently no previous study has dealt with description ofbogs in
Arkansas. In fact, knowledge of their existence in this state is limited.
Bogs occur sporadically along the length of Crowley's Ridge in
Northeast Arkansas. Althoughall share certain defining characteristics
(e.g., pH, vegetation), they differ in size, basin shape, water depth,
pH, and soil types. These differences can be expected to influence the
kinds and relative abundance of aquatic macroinvertebrates supported
by each bog. The purposes of this study were to describe the existing
aquatic macroinvertebrate communities within three bogs on Crowley's
Ridge and to discern physicochemical relationships which may explain
their present distribution and relative abundance.
STUDY SITES
The three bogs selected forstudy are located within Greene County,
Arkansas, among the forests ofCrowley's Ridge. This Ridge is generally
comprised ofloessial hills, with the major soil type being of the Lorine
Granada Association. A secondary soil type in the study area is the
Brandon Lexington Association. Both soils are deep, well to poorly
drained and moderately permeable, with gentle to steep slopes developed
from this loess over gravelly and sandy tertiary material. The forest
of Crowley's Ridge in the vicinity of the bogs can be generally
regarded as white oak-red oak-hickory with certain edaphic factors ac-
counting for beech (Fagus grandifolia var. caroliniana Loud.) and its
community associates at one extreme with shortleaf pine (Pinus echinata
Mill.)at the other (Arkansas Department ofPlanning, 1974). Allthree
of the bogs studied lieat the base ofsteep slopes and are adjacent to
sand pits where extensive removal of material has destroyed a portion
of the aquifer head which formerly furnished a constant water supply.
The current water source is restricted to spring seeps located on the
adjacent slopes and to limited run-off directly dependent upon rain-
fall. Mean annual rainfall in this region during the 1930-1980 period
was 125 cm. During 1979-1980 itwas 35.1 cm (U.S. Dept. Commerce,
1931-1980).
Bogs have only recently been grouped under the single term
"wetlands". According to Cowardin et al. (1979), all three bogs in this
study are Palustrine Systems and are contained inthe Forested Wetlands
class; the subclass is Broad-Leaved Deciduous. Their water regime is
Saturated, water chemistry is Fresh-Acid, and soil is Organic. The bogs
of this study are now in a dying state or climax condition specifically
referred to as sedge-meadow.
Glory Hole Bog lies inthe Brandon Lexington Association soils on
the western edge of Crowley's Ridge, approximately 5 km northeast
of the junctionof State Highways 25 and 168 in the NWW S23, T17N,
R4E. This bog is essentially a forested mire draining into what now
resembles the early stages ofa swamp. Water enters the basin by rain-
fallrunoff largely from the south and west, and leaves by an outflow
channel in the north shore. The bog, with an area of42,968 m2,is sur-
rounded by mat formations and peat deposits which are thoroughly
protected by closely-surrounding woods and hills such that wind
action would never produce major turbulence. This dense understory,
combined with numerous ferns, heavily shades the water from spring
through fall.
Ramer's Chapel Boglies in the Lorine Granada Association soils at
the eastern edge of Crowley's Ridge. The bog is bordered to the east
by Ramer's Chapel Road, and lies 1.5 km northeast of the junction
ofState Highways 135 and 34 at Lafe, inS12, T18N, R5E. Aclimactic
forest type with widely fluctuating water level, pH, and temperature
is characteristic of this bog. Water flow is from direct runoff which
flows in a westerly direction through the bog and terminates in a lentic
environment surrounded by cultivated fields and pastures. Covering
an area of31,604 m 2,the bog has a basin composed of clay and silt
with deeply stained detritus.
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BluffSprings Bog, also in the Brandon Lexington Association soil
type, lies 1.5 km east of State Highway 141 at a point 6.5 km south
of Beech Grove, in the NE!4, S3, T17N, R4E. Similar protection is
afforded by a combination ofslopes and vegetation at this site. Situated
as an arm to the headwaters ofa small slough, the bog, with an area
of327 m!, is a spring seep that percolates through heavy litter and has
a gravel and sand substratum. The name of the bog is derived from
its location on a steep slope, one that remains moist throughout most
ofthe year. The tree and understory vegetation is not as dense as that
found within the other two bogs, yet the bog's position between steep
slopes diminishes the amount of incident sunlight reaching the ferns
and mosses. Also, Bluff Springs Bog does not have as continuous a
Sphagnum mat formation as the other two bogs.
METHODS AND MATERIALS
Three sampling stations were established in Glory Hole Bog, one in
Ramer's Chapel Bog, and one inBluffSprings Bog. Since occasional
drying of certain sites occurred during the sampling period, areas
sampled were extended to points where any moisture or temporary pools
occurred withinthe bog. Monthlybenthic and physicochemical samples
were taken from 30 September 1979 through 15 February 1981, except
during July 1980. Additional random qualitative samples (sweep net-
ting for adults) were collected from each of the bogs throughout the
sampling period in order to facilitate species identification ofimmature
forms. Soil samples, taken quarterly, were collected with a conventional
hand-held corer having a 3 cm diameter. Samples were analyzed for
pH, phosphorus, calcium, potassium, and total organic matter by the
Soil Testing Laboratory in Marianna, Arkansas. Temperature, water
pH, and water depth were measured monthly.Due to similarity in soil
samples, water temperature and pH from the three sites within Glory
Hole Bog, a single collecting station, Site Three, was utilized during
the study.
InAugust and September 1979, hand-net samples were taken from
all habitat types inthe bogs. Examination of the samples from Glory
Hole Bog revealed three distinct areas of the bog substrate with their
own characteristic fauna. These areas were selected for further study.
Stations sampled at the Ramer's Chapel and BluffSprings Bogs reflected
a more homogeneous pattern ofmacrofaunal distribution and habitat
types. Location ofsampling stations within each of these bogs was dic-
tated by available moisture inthe form ofstanding pools and seeps,
some of which dried up during the sampling period.
Mud,as wellas surface and bottom water samples, was collected from
each station every month for the first fourmonths of the first year and
quarterly thereafter. These samples were inspected inthe laboratory
for benthic macrofauna. All other organisms were collected and
separated from the substrate in the field.
No standard aquatic-macroinvertebrate sampling devices were found
tobe suitable for this study because inmost areas of the bogs the water
areas were too shallow or too narrow, or the mud and vegetation too
thick. As a result, the monthly samples were each made as a combina-
tionof three different collecting techniques. Benthic organisms were
collected using a Turtox Indestructable DipNet™ where water depth
and substrate were suitable. Manual picking through leaf samples col-
lected by hand, and sand sifting or "panning" the substrate using a
tea strainer with a mesh size of49 squares/cm, proved to be the two
most-useful sampling techniques. Since quantification could not be made
on a unit-area basis, this was accomplished using a common time fac-
tor, specifically two hours per station.
After washing and sorting in the field, specimens were preserved and
stored in 70% ethanol. On every visit,random samples were collected
at each station from leaf detritus, substrate, and surface water of the
bog proper. Allspecimens were catalogued and housed in the Arkan-
sas State University aquatic macroinvertebrate collection.
RESULTS
Atotal of75 aquatic macroinvertebrate taxa was found in the three
bogs. Of these, 67 taxa were found at Glory Hole Bog; 24 taxa at
Ramer's Chapel Bog; and 13 taxa at BluffSprings Bog. Only five taxa
were common to all three bogs; Oligochaeta, Caecidotea recovitzai,
Tipula, Chironomidae, and Tabanus. Nineteen taxa were restricted to
two of the three bogs; Glory Hole and Ramer's Chapel exhibited 13
taxa in common, while Glory Hole and BluffSprings Bogs exhibited
six taxa in common. Forty-one taxa were found only in Glory Hole
Bog, six only in Ramer's Chapel Bog, and two onlyin Bluff Springs
Bog (Table).
Table. Aquatic macroinvertebrates of three acid bogs, Greene
County, Arkansas, 9 September 1979 through 15 February 1981, ex-
pressed as total numbers collected.
Twt» sue 1 Site 2 Site 3 Chapel Springs
Ollgochaeta 8 7 10 10 6
PUldlua cascrtanua (Poll) 7 7
Caecldote* foxl (Fleming) l
Caecldotea rccovltiai (Williuu) 88 10 2k 2 5
Liynurella blfurca (Hay) 29 3 3 2
Crangonyx sp. nr. Kracllla Smith 20 20 1
IJeloitoMlutarlmn (Stahl) 1 1
Hep* »plcul»ta UhlT 2 8
I'anatra tuatrallt Hunger ford 1
Hlcrovella albonatt Champ, 7
Hlcrovell*amerlcaoa (Uhler) 3 19
Plathaais lydla Drury 1
Syapetrum vlclnum Hagen 1
Slall» 11 27 18
Chaullodei pectinicornla lUonum) h k
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Mean numerical standing crop for Glory Hole Bog was 14
organisms/2 hrs, 18% of which were odonates. Amphipods and
dipterans were next in abundance with 17% and 14% of the total
numbers, respectively. Standing crop for Ramer's Chapel Bog was 6
organisms/2 hrs, less than half that ofGlory Hole Bog. Dipterans and
hemipterans comprised 51% and 18% of the standing crop, respectively.
Mean standing crop for BluffSprings Bog was 2 organisms/2 hrs, one-
third that of Ramer's Chapel Bog. Dipteran larvae comprised 35% of
the standing crop.
Glory Hole Bog exhibited the largest standing crop during the March,
1980 sampling period with 27 organisms/2 hrs. Ramer's Chapel Bog
exhibited its largest standing crop during August, 1980 with 22
organisms/2 hrs. Bluff Springs Bog's largest standing crop of 10
organisms/2 hrs occurred during May, 1980.
Fourteen of the 67 taxa found in Glory Hole Bog were common to
all three sampling sites within the bog. Sites One and Three held the
largest standing crops witha mean of 17 and 15 organisms/2 hrs, respec-
tively. Site One was dominated by Caecidotea spp. which comprised
31% of the standing crop. Cordulegaster spp. contributed the largest
standing crop at Site Two with 28%. Site Three was dominated by
Caecidotea recovitzai with 10% of the standing crop.
Allthree bogs are characterized byshallow, acidic waters which are
heavily stained throughout the year. During the study period, pH values
were normallycomparable between bogs and ranged from a low of4.83
in Ramer's Chapel Bog to a high of6.95 in Bluff Springs Bog. Mean
water depth was always greatest in Glory Hole Bog which had a mean
of 10.4 cm. Water depth in Ramer's Chapel Bog, with a mean of3.6
cm, was always intermediate and was less than one-half that of Glory
Hole Bog. During more than one-half of the study period, BluffSprings
Bog was composed of saturated detritus and mud with no standing
water. During these periods when water was present, the maximum
standing water depth was 2 cm.
The essential nutrients measured (phosphorus, potassium, and
calcium) existed in low or moderate concentrations that were similar
in all bogs. Percent organic matter was consistently greater in Glory
Hole Bog (mean = 3.7%) than in Ramer's Chapel or Bluff Springs
Bog, the latter two being comparable in this respect (mean = 2.4%)
(Farris, 1981).
DISCUSSION
The three bogs in this study were found to be of the acidophilic
forested type. The dense deciduous forests in which they are located
are the major source of acids, which are derived from the natural
process oforganic matter degradation. Jewel and Brown (1929) pro-
vided the first evidence that the acid is not produced in bog lakes as
such, nor is it brought in with ground water from deeper strata. Rather,
it is leached from the decaying vegetation of the lake margin.
Vanderpool (1982) found that soil pH within the deciduous forest im-
mediately surrounding three bogs onCrowley's Ridge was higher than
that of the bog soils proper.
The second major limitingfactor in the bogs of this study is the
amount of water available. This has not been a major consideration
in other bogs (McLachlan and McLachlan, 1975; Ramcharan and Pater-
son, 1978), primarily because of their larger size. In the present study
the bogs were quite small, ranging from 327-43,000 m2 in area,
making them more susceptible to environmental alteration. Their
aquifers have been disturbed by sand and gravel mining, which has
reduced the amount of water available to them. Finally,this study was
conducted during the second worst drought and the second hottest
summer in Arkansas' history. These combined events greatly restricted
the area and diversity of the microhabitats available to the aquatic
macroin vertebrates.
Because ofhigher water and air temperatures, an extended growing
season, and restricted peat formation, the turnover oforganic matter
is apparently more rapid in these study bogs than is characteristic of
bogs located farther north. The percent organic matter was comparable
among all three bogs. Fluctuations in percent organic matter most -clearly
paralleled the amount of standing water available and percentages
decreased as water levels dropped.
Essential elements often linked to dystrophic conditions within bogs
were not limiting factors in this study.Phosphorus is normallya limiting
factor in aquatic systems, often being present in amounts of less than
1 ppm (Reid and Wood, 1976). Available phosphorus in typical acid
dome bogs is on the order of 16 ppm (Small, 1972). Phosphorus values
in this study ranged from 2-22 ppm. The availability ofa slight current
during wetted periods and the presence ofa greater amount ofcalcium
than is usually found in bogs could also contribute to a more rapid turn-
over oforganic material. Because northern bog waters percolate through
Sphagnum muskegs far from mineral soils, they often carry limited sup-
plies of calcium and they seldom exhibit calcium values in the range
of 250-500 ppm as found in the three bogs reported in this investiga-
tion. The importance ofcalcium shortage in bringingabout dystrophy
has been documented by Hasler et al. (1951), and Cole (1975).
When compared with the diversity and abundance of aquatic
macroinvertebrates reported for swamps, lakes and streams of northeast
Arkansas (Cather and Harp, 1975; Latimer, 1975; Harp and Harp,
1980), these parameters in the three bogs are certainly restricted. The
bogs contain an abundance of organic materials as a food base and
feature a variety of microhabitats. Nevertheless, the combined effects
of low pH, drastic fluctuation in water level and extreme shading by
the associated deciduous forests result in a distinctive but sparse aquatic
macroinvertebrate community.
The five taxa common to all three bogs are detritivores which are
often abundant in most aquatic ecosystems where organic detritus is
available. They are also adapted to a broad range of environmental
conditions including dissolved oxygen and pH(Reid and Wood, 1976;
Hiltunen and Klemm, 1980). The abundance of aquatic oligochaetes
in these bogs is illustrative in that their greatest abundance is associated
with organically-rich substrates (Latimer, 1975).
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The ecology ofCaecidotea spp. inNorth America is not well known.
However, inmost of Europe this genus is characteristically present within
given sections of organically-polluted rivers (Williams, 1976). Its
tolerance to a wide range of water depths and substrata is exhibited
in this study where it was collected in all three bogs throughout most
of the sampling period.
The diversity and relative abundance of theaquatic macroinvertebrates
were greatest in GloryHole Bog, intermediate inRamer's Chapel Bog,
and least in BluffSprings Bog. This sequence follows that of bog size,
but the strongest influence is exerted by the amount of water available,
which entails water depth as well as surface area. Bluff Springs Bog,
with 0.7% of the area ofGlory Hole Bog, had 19% as many taxa (13
vs. 67).All these taxa were able to function in the wetted organic debris
and mud in the absence of standing water.
Among those taxa found only in Glory Hole Bog were the follow-
ing.Pisidium is often the only molluscan representative found inbog
lakes (Welch, 1952). Procambarus is found in sluggish to moderately
flowing streams and lentic habitats (Hobbs, 1976). However, in this
study, Procambarus was present only in the sandy troughs ofGlory
Hole Bog. Nepa and Ranatra, two sluggish-swimming predators, are
definitely restricted to dense pondweed masses and heavy, submerged
leaf litter. These hemipterans were also noted by Lindeman (1941) as
bog forms. Sialis larvae are common predators in many streams and
ponds and are adapted for survival during periods of low prey density
in that they can live up to twomonths without food and then develop
rapidly when food becomes abundant (Azam and Anderson, 1969).
Further, they have a wide tolerance range for pH(2.8-8.3) (Tarter and
Woodrum, 1972).
Those species found onlywithin Ramer's Chapel Bog(Limnoporus,
Gelastocoris, Notonecta irrorata, Helochares, Enochrus, and Celina)
are all invading forms that may, or may not, be consistently present
in the bog during drying conditions. One obvious difference in the
macroinvertebrate communities of Ramer's Chapel Bog is the absence
of amphipods. As a group, amphipods are cold stenotherms, strongly
thigmotactic, and react negatively to light(Pennak, 1978). Consequently,
daytime is spent beneath vegetation or hidden between debris and stones.
Inaddition, amphipods are most often found in unpolluted clear waters,
a condition never present in Ramer's Chapel Bog. Their presence and
relative abundance in Glory Hole and BluffSprings Bogs were sporadic,
depending mainly upon the amount of water present during sampling.
Taxa found only inBluff Springs Bog fail to reflect any distinctive
physicochemical characteristics. Rather, the absence of taxa and the
presence ofsuch forms as Tachopteryx seem toreflect the dried nature
of this bog. These bog odonates are known to burrow in substrate
adjacent to shores (Needham and Westfall, 1955), and can withstand
periods ofdrought and other adverse environmental conditions. This
was the only odonate taken at Bluff Springs bog. The amphipod
Synurella was found in this bog. Pennak (1978) stated that although
amphipods are not generally adapted for withstanding drought,
Crangonyx gracilis and Synurella bifurca are inhabitants of temporary
as wellas permanent ponds and streams. Ithas been suggested that these
species tide over unfavorable conditions by burrowinginto the substrate.
This was verified in both Glory Hole and Bluff Springs Bogs during
drying conditions when only mud was present.
Within Glory Hole Bog the sapling sites differed as to substratum,
water, depth, current, and macroinvertebrates collected. Site One was
composed of extremely heavy detritus upon fine, darkly stained silt.
Water depth never rose above 6 cm and a current was virtuallyabsent.
Among the 32 taxa at this site, common lentic water forms such as
Caecidotea dominated numerically, followed byamphipods, Sialis, and
Bittacomorpha. These species quickly drop innumber at Site Two which
is composed ofsandy troughs with a slow current present duringmuch
of the sampling period. Cordulegaster is the numerically dominant
taxon here. This effective predator is adapted for burrowingin the sandy
substrate by the presence of short, stout legs and tarsal claws. The
relative sterilityofsand substrates is reflected inthe fact that the lowest
number of taxa and the lowest standing crops within Glory Hole Bog
were at this site. At Site Three, a beaver dam along the north shore
is causing a transition of the bog toward a swamp condition. Water
depths range from 15-30 cm. Greater water depth and surface area at
this site is utilized by a more diverse macroinvertebrate community,
particularly by the highlypredatory Hemiptera and Coleoptera. The
diversity ofmicrohabitats available within Site Three is clearly reflected
in that 53 of the 67 taxa found in Glory Hole Bog were here (Table).
A recommendation to preserve one or more of Arkansas' bogs is
strongly indicated by this study. First, bogs in this state are
characteristically small, and therefore more subject to damage or altera-
tion due to sand and gravel mining, timbering, or other land uses.
Second, they constitute relatively simple ecosystems, thus facilitating
the study of the interrelationships oforganisms which populate them.
Finally, these bogs support a number of species found infrequently and
in small numbers within Arkansas. Inmany instances, they are found
only in bogs.
Previous to this study, only three specimens of Nepa apiculata had
been collected in Arkansas, one each from three different sites. Ten
specimens were collected from Glory Hole Bog. One adult specimen
of Gomphaeschna furcillata had been previously collected from
Arkansas. Virtuallynothingis known of its biology. Three naiads were
collected from thig bog. One adult Tachopteryx had been previously
collected from northwest Arkansas. Itscollection from Glory Hole and
BluffSprings Bogs represent the first naiads taken in this state, as well
as the second and third sites for this species. Erythrodiplax umbratu
has been colected once previously in Arkansas, Libellula semifasciata
from three scattered Arkansas sites, L. flavida from seven sites,
Cordulegaster maculata and obliqua from four and seven sites, respec-
tively(Harp and Rickett, 1977). Allthese species were collected inGlory
Hole Bog.
The presence ofso many species in Glory Hole Bog that are rare in
the state makes it a prime candidate for preservation. Itsrelatively large
size and its location enhance the probability that preservation efforts
would be successful.
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ABSTRACT
Adiverse warmwater fish community has persisted in the Lake Greeson tailwater, despite hydropower
releases of cold hypolimnetic water. Forty-eight species of fish were collected by electrofishing in the
upper 16.1 km of the tailwater. Hydropower releases have reduced the abundance of some of the
warmwater sport fish in the upper tailwater, and their populations are probably maintained in part by
recruitment from downstream. Angling effort has been diverted from the warmwater sport fish popula-
tions to a put-and-take trout fishery.
INTRODUCTION
The Little Missouri River was impounded in1950 byNarrows Dam
for flood control and hydropower production. The indigenous warm-
water fish community of this river was disrupted when cold water was
discharged from the hypolimnion of Lake Greeson during hydropower
operations. The obvious disruption involved the warmwater fishery,
and led to the description of the tailwater as "90miles of barren stream"
(Hulsey, 1959; Pfitzer, 1968). The Arkansas Game and Fish Commis-
sion began stocking rainbow trout in 1955 to compensate for this
disruption, and stocking currently occurs during winter on a put-and-
take basis in the upper 10.5 km of the tailwater.
The Lake Greeson tailwater was included in a study of reservoir
effects on tailwater environments that encompassed several tailwaters
in the Southeastern United States (Walburget al., in press). This study
provided the opportunity to describe the Lake Greeson tailwater fish
community and to examine its sport fishery.
STUDY SITE
Narrows Dam, located at river km 169.8 of the LittleMissouri River,
forms Lake Greeson, inPike County, Arkansas. The reservoir has an
area of2,940 hectares at power poolelevation, which is 167.1 m above
mean sea level. The dam is a concrete-gravity structure housing three
generating units, each with a flowcapacity of 30.7 raVs. The penstock
intakes are at an elevation of 146.4 m above mean sea level, and when
the lake is stratified they normally withdraw cold hypolimnetic water.
There are no provisions fora minimum flow release into the tailwater
from Narrows Dam; leakage through the dam is estimated to be 0.3
mVs. Hydropower discharges seldom exceed 92 mVs, and discharge
varies according to the amount ofelectricity that is required forpower
peaking purposes.
Narrows Dam is near the interface of the Ouachita Mountain Region
and the GulfCoastal Plain. Three stations have been established inthe
tailwater study area. Station 1 is nearest to the dam (0.5 km
downstream). Here the scouring effect of the hydropower discharge
is evident inthe physical habitat; the upstream end of the pool has a
bedrock bottom and there is no fallen timber in the pool, even though
there is tree canopy on the stream bank. Station 2 (10.5 km from the
dam) is a long, relatively deep pool with extensive tree canopy on the
banks; fallen timber and boulders are concentrated in the upper end
of the pool and the stream bed is mostly cobble and boulder. Station
3(16.1 km from the dam) is the upstream half ofa longpool with steep
banks of alluvial deposits reflecting Gulf Coastal Plain topography;
the stream bed is composed primarily ofsilt and there is extensive stream
bank canopy with fallen timber in the pool. When tailwater flows are
unaffected by hydropower generation, the surface areas ofStations 1,
2, and 3 are 0.6, 1.1, and 1.7 ha, respectively.
MATERIALS ANDMETHODS
Fish were collected at the three sampling stations byelectrofishing.
Direct current voltage was regulated to conduct about 2.5 amps
between the electrodes mounted on the booms ofan electrofishing boat,
and the seconds of electroshocking were monitored and recorded.
Riffles and areas adjacent to stream banks and emergent objects inthe
pools were electrofished to the extent that water flows and depths would
allow. Sampling was done only when water velocities and river eleva-
tions were little affected by hydropower releases. Fish were identified
to species, and individual total lengths and weights recorded. The
number of fish ofeach species and their total weight were assembled
into one data set representing all the samples from one station. These
data were divided by the hours ofelectroshocking at that station, pro-
vidinga basis for comparison with the other data sets. Stations 1 and
2 were each sampled four times between May and September 1979, and
Station 3 was sampled three times between July and September 1979.
Total electroshocking time was 4.7 hours.
Allthe collections fora station were compiled into one data set for
species diversity analysis. Samples were standardized so that less em-
phasis was placed on the more abundant species. Kempton (1979) showed
that species diversity measurements in which species of medium
abundance are used to characterize the community pattern give the best
discrimination between sampling sites. The standardized sample size
is the sum of r,where r, the standardized abundance, is given by r, =
N, (N-N,)/N fora sample of size Nconsisting ofS species with abun-
dance N,, i... S. Species diversity of these standardized samples was
measured by the Shannon index H = £ (p,) (log; p,), where H is the
index of species diversity, S is the number ofspecies, and p, is the pro-
portion of the total sample belonging to the ;'th species (Krebs, 1972).
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RESULTS ANDDISCUSSION rates are not included. Seasonal variation in abundance was greatest
inthis species; catch rates were highest inthe spring and steadily declined
tch rates (Table 1) were similar for the three stations in through the summer, particularly at Station 1. The preference for the
son tailwater ifcommon carp (Cyphnus carpio) catch specific habitat of a station or stations by some of the species was
reflected by the catch rates. Green sunfish (Lepomis eyanellus) were
not collected at Station 3, indicating their preference for the rock and
boulder substrates of stations Iand 2. The onlyorangespotted sunfish
Table 1. Fish species collected in the Lake Greeson tailwater. Catch
<L- humilis) collected was at Station 3, where silt was the predominant
rate (number per hour of electroshocking) forall sampling dates com- substrate. Gars were not collected at Station 1
,and their catch rate was
nined at each station. highest at Station
3, where they were somewhat protected from
hydropower discharges. The catch rate for longear sunfish (L.megalolis)
increased from Stations 1 through 3, possibly reflecting a lessening of
(Hours of electroshocking in parentheses) tne effects of hydropower operations with increased distance from the
(i.25) (2.16) (i.3o) dam.
0 8 09
Forty-eight species were collected from the Lake Greeson tailwater
i^ Bagoi (Table 1). The fewest were collected at Station 1
—
five less than at
Station 3
—
although the diversity index was highest at Station 1 (Table
£2-Ji£ 2)because species abundance was most evenly distributed at this sta-
Anauiua rostrata o.8 o.9 tion. The species diversity index derived forall fish collected from the
Lepisosteus ocuiatus o o.9 3 8 tailwater was 4.2, indicating diversity and equitability,but not necessarily
o an unperturbed fish community. Reports by the U.S. ArmyCorps of
Dorosoma ce edianum io 4 19
Engineers (1971) and Dewey and Moen (1978) suggested that the species
richness component of this index would have increased with more
£airao Bairdneri 5.6 o. 5 sampling effort and the use of other sampling techniques. The survey





4 i«* i-5 upper 19.3 km resulted in the collection of 25 species with a species
Cyprlnus carpio !,,.4 n- 4 42 3 diversity index of 2.7. Seven of these 25 species, Etheostoma spectabile,
Nolropis cornutus, N. venustus, N. whipplei,N.shumardi, Hybopsis
athertnotdes o x-punctata, and Campostoma anomalum were notcollected in our study.
n. ortenburgeri 12.0 o o The inclusion ofN.cornutus in the Corps ofEngineers report is ques-
5. umbratius 3.2 2.8 8.5 tionable, because N. cornutus has not been listed as occurring in
pimephaies notatus 26.3 n.i 5.3 Arkansas (Buchanan, 1973). Dewey and Moen (1978) collected 71 fish
species in the DeGray Lake tailwater, a warmwater hydropower
_r_n^zon o—ongu_ tailwater. The DeGray Lake tailwater (Caddo River) and the Lake
Hypenteiium nigricans 3.2 0.9 1.5 Greeson tailwater are part of the Ouachita drainage basin. Of the 48
Minytrema meianops 5.6 o 3.i f'sn species collected in the Lake Greeson tailwater, 43 were also col-
lected inthe DeGray Lake tailwater. The DeGray Lake tailwater species
M?''°ry°hru"m' na
'
:'"n 13*9 162 that were not collected in the Lake Greeson tailwater were primarilyminnows, madtoms, and darters — small fish species whose capture
i
Ctaunc"atus taU!i o' 8 would have been facilitated by the use of a seine.
The mean electrofishing catch rate for warmwater sport fishes in the
pyiodictis oiivarts o. 5 Lake Greeson tailwater study area was 110.4 fish per hour, compared
with 165.6 fish per hour in the Gillham Lake tailwater, a warmwater
Aphredoderus sayanus o.9 1.5 nonhydropower tailwater in southwest Arkansas (Table 3). The
IFunduius
oiivaceus o.8 i3.o o.8 tailwaters below Greeson and Gillham lakes share similar topography,
and methodologies for electrofishing and data analysis were the same
Labidesthes siccuius o.5 o.8 for bo(h ta j|walers (Walburg et al.,in press). Lake Greeson hydropower
Lepomis cyaneiius 7.2 19.0 o operations apparently affected the abundance of warmwater sport fish
y jj^"*"* 2
-
3 inthe tailwater study area. Catch rates indicated that channel catfish
l!m"crochirus 31.9 i9.o (Iclaluruspunctatiis), flathead catfish (Pyiodictis olivaris), smallmouth
l.mt»«iotii 28.7 63.5 80.8 bass (Micropterus dolomieui), and spotted bass (M.punctulalus) were_. m cro op us less l0[eran( of conc jitjons jnt|le Lake Greeson tailwater study area than
Micropterus punctuiatus 4.8 3.7 3.1 largemoulh bass (M'. salmoides) and the Lepomis species (Table 3)
M. salmoldes 7.2 4.2 8.5
Pomoxls annularls 0.8 0.5 0
—
P. nlgromaculatus 4.0 2.3 3.1
Etheostoma biennioides i.6 o 3.8 Table 2. Total number of fish collected, number ofspecies collected,
|. coiiettei o and the Shannon diversity index (H) for the three stations separately,E. hlstrlo 0 0 0.8 .. . f J<e. radiosum 4.8 o o and combined.
I> 'onale 0 0 o!s
Total No. Shannon
Perclna caprodes 8.0 0.9 2.3 Station Ush species diversity Index
£• copelandl 0 0 3. 1P. maculata 0 0.9 0.8
'
3A4 28 4.0





Aplodlnotus grunnlens 0.8 0 0 3 332 « 3.7
Total 1130 48 4.2
Total (No. flsh/hr. ) 196.5 195.2 251.8
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Table 3. Catch per hour of fish (numbers and weight) electroshocking
for combined sampling stations at Lake Greeson and Gillham Lake
tailwaters. The data for the Gillham Lake tailwater are from Walburg
et al. (Inpress).









MicropLc rus dolomieu 0 0 2.5 0.75
3.8 0.93 15.7 1.74
6.2 1.29 8.9 4.01
0.2 0.06 2.9 0.16




Subtotal 13.2 8.84 32.1 6.91
Total 110.4 7.02 165.6 11.56
Table 4. Catch per hour ofelectrofishing, by number, for the Lepomis
species ofdifferent lengthintervals from the Lake Greeson tailwater.
Length Interval (rm)
Station 39-63 64-69 90-114
1 4.0 11.2 12.0
2 10.2 38.9 28.2
3 15.4 40.8 38.5
The flow variations associated with hydropower operations and the
release ofcold hypolimnetic water probably were the major factors in
the reduction of warmwater sport fish abundance in the Lake Greeson
tailwater study area. These factors create marginal habitat in the
tailwater for warmwater sport fish and make conditions unsuitable for
reproduction (Holden, 1979). Limited reproductive success is reflected
in the low catch rate for sunfish 39 to 114 mm longat Station 1 (Table
4) and in the biomass catch-rate (kg/hr)comparison between the Lake
Greeson and Gillham Lake tailwaters (Table 3). Fewer fish composed
the Lake Greeson tailwater collections of Lepomis species, although
the catch rates by weight were similar for both tailwaters; thus the sun-
fish collected from the Lake Greeson tailwater were the larger, indicating
their probable recruitment downstream from the tailwater study area.
Adiverse warmwater fish community was present in the Lake Greeson
tailwater, despite, hydropower releases of cold hypolimnetic water. These
releases have reduced the abundance of warmwater sport fish in the
tailwater study area, based on a comparison with a nearby warmwater
tailwater. Creel surveys' indicated that fishing pressure was directed
toward rainbow trout in the tailwater study area; without this fishery,
the warmwater sport fish population might have been further reduced.
Greeson (4.7) Clllham (2.8)
No./hr kg/hr No. /hr kg/hr
0.2 0.48 3.6 2.02
0.2 0.16 1.1 0.39
0.4 0.64 4.7 2.41
10.6 0.86 20.3 1.23
1.3 0.10 1.1 0.04
25.7 1.24 31.4 0.48
59.0 1.33 93.3 1.49
0.2 0.01 2.9 0.22
96.8 3.54 149.0 3.46
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ABSTRACT
One hundred and twelve wells having drillers' logs were studied in Pope and Faulkner counties.
Sixty-six of the wells produced water from shales and siltstones of the Atoka Formation while 46 pro-
duced from interbedded Atoka sandstones. Drillers' estimated well yields ranged from 1 to 100 gpm,
but the median yield was only 9 gpm. Well depths ranged from 30 to337 feet with a median depth of
100 feet. Ground-water is usually obtained from a series of low-producing confined aquifers of low
artesian pressure. Pressure head and production were shown, statistically (a = .01 ), to decrease with
increasing well depth. This indicates that fractures and bedding-plane partings become more tight with
depth associated with the increasing lithostatic pressure. Ground-water flow directions are generally to
the south towards the Arkansas River with static water levels strongly conforming to the topography
(a = 0.001).
A resistivity study was performed near Guy in Faulkner County to investigate the hypothesis that
production is largely controlled by fracture porosity. The tri-potential resistivity technique was utilized to
verify the presence of suspected fractures delinated from aerial photographs. Existing wells inthe area
produce estimated yields of 1 to 20 gpm. The well located inthis study on verified fractures produced
120 gpm.
INTRODUCTION
Rural residents and small communities in Pope and Faulkner
counties, Arkansas, (Figure 1)utilize ground water to meet their water
needs. In these counties, ground water occurs in the alluvium of the
Arkansas River and within porous zones of the Pennsylvanian aged
Atoka Formation. This study is concerned onlywith the Atoka For-
mation aquifers which underlie a vast majority of the counties.
Previous hydrogeologic studies are limited and somewhat lacking in
definitive results which would aid in ground-water prospecting. There
are two reports which deal directly with ground water in the study area.
These are by Cordova (1963) and Bedinger et al. (1963) and were
performed in conjunction with the Arkansas River navigation project
of the 1960's. These reports are of a general nature in which only a
couple hundred wells were investigated throughout the entire Arkan-
sas Valley. Many of these wells were in the alluvium. Tolman (1979)
analyzed surface linear trends using remote sensing data and jointorien-
tations taken in the field for comparisons to natural gas production.
Tolman's findings may someday prove useful inevaluating ground-water
occurrence, movement, and prospecting techniques.
Todate, the site selection of water wells has been by random choice
without regard to geologic control on well yield.As a result, many dry
holes and wells of low yield have been drilled. This study attempts to
determine a framework of geologic control over water yield to wells
and investigates the feasibility ofsurface resistivity surveys in locating
zones of concentrated fractures which may produce higher yields.
Physiography and Geology
Pope and Faulkner counties are centrally located in the Interior
Highlands region ofArkansas and lie mostly withinthe Arkansas Valley
physiographic province. Pennsylvanian aged Atoka sandstones,
siltstones, and shales dominate the outcrop area of both counties and
are the dominant hydrostratigraphic unit dealt with in this report. The
Atoka is over 10,000 feet thick and is faulted and folded. East-west
trending faults are common with a general structural transition from
north to south of predominately normal to reverse faulting,respectively.
The rock strata generally dip to the south as does surface elevation.
Ploting of the static water levels show that the piezometric surface(s)
slopes in a southern direction, as well, towards the Arkansas River.
Figure 1. Location of study areas (Pope and Faulkner Counties).
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METHODS
Records of water wells for Pope and Fualkner counties were
obtained from the Arkansas Geologic Commission. From these reports,
71 wells inPope County and 41 wells in Faulkner County were accurately
located on topographic maps withthe aid ofcounty plat books. Geologic
maps provided outcrop andstructural information relative to a respective
well. Data obtained from the well records and topographic maps were:
(1) depth of well, (2) depth of water, (3) static water level, (4) drillers'
estimates ofyield, (5) depth to bedrock, (6) well surface elevation, (7)
static water level below land surface, and (8) the general lithology of
the producing horizon(s). Inter-relationships among the data were then
tested using the Spearman-rank correlation coefficient test (Siegel, 1956).
As a means of testing to what degree well production is controlled
by fracturing, an earth resistivity study was performed three-fourths
of a mile north of Guy in Faulkner County. A Soiltest Strata Scout
R-40C resistivity unit was employed in siting of the well. The tri-potential
technique ofthe standard Wenner array (Eddy, 1980) was utilized to
locate fractures by making lateral traverses. These fractures were in-
itiallydelineated (as photo-lineaments) using 1:20,000 black and white
aerial photographs. Resistivity depth profiling was also performed and
compared to the drillers' lithologiclogs as each well was drilled.
RESULTS
The Atoka Formation was found to contain several water bearing
horizons. A total of 112 wells were accurately located. Sixty-six wells
produced from siltstones and shales, while46 produced from sandstones.
The hydrologic interaction between the sands and the siltstones and
shales can only be speculated upon, but inmany wells, several horizons
of low yield had to be penetrated to produce sufficient quantities of
water. Confined conditions oflow artesian pressure prevail throughout
the area.
Depths of the wells range from 30-337 feet with amean and median
of 100 and 113 feet, respectively. Drillers' estimated yields range from
1-100 gpm with a median and mean of 8 and 9 gpm, respectively. The
movement ofground water is largely a function of grain size, the amount
of cementation and compaction, the number and size of bedding-plane
partings, and the amount of fracturing. Allof these factors are highly
variable in the Atoka Formation which explains the large range in yield.
Depth to producing horizon ranges from 11-180 feet with a mean and
median of55 and 65 feet, respectively. Generally, deeper wells do not
produce as much as shallower wells.
Inresponse to an inquiryby a Faulkner County landowner to locate
an irrigation well on his property, the tri-protential resistivity tech-
nique was employed in an attempt to locate a fracture zone. Areview
of well records in the surrounding area, revealed yields generally less
than 5 gpm. Several lateral traverses located an anomalous resistive low
zone. A vertical sounding profiling was subsequently performed over
this low zone. The graphs of these data are shown inFigures 2 and
3. The landowner was instructed todrillat this site and upon drilling
encountered production of 120 gpm within the first 70 feet of depth.
A subsequent pumping (aquifer) test performed for a duration of 48
hours at 120 gpm produced a drawdown of only 11 feet. Cmoplete
recovery occurred in 45 minutes. Later, a second well was drilled, but
produced only 15 gpm. This well was located in the vicinityof the 120
gpm well, but was not sited by resistivity. Anolder well on the same
property that was randomly located produces less than 10 gpm.
Statistical relationships
The statistical relationships for all parameters recorded from the well
logs and topographic maps were tested using the Spearman rank cor-
relation coefficient test with the aid ofcomputer SAS (Barr et al., 1976)
procedures. A positive relationship at an alpha significance level of
0.0001 was found between static water levels and well surface eleva-
tions as is expected (Table). Pressure head (static water level) as well
as production, were shown statistically (a = —0.1) to decrease with
increasing depth. This indicates that fractures and bedding-plane
partings become tighter with increasing depth due to increasing lithostatic
pressure.
SUMMARY
The statistical relationships noted may only affirm what may be
intuitivelyobvious. However, these statistically confirmed relationships
may act as a base formore in depth study of the hydrogeologic nature
of the area. Perhaps the most significant aspect of this study is the proven
application ofsurface resistivity in identifying zones favorable for high
production from relatively shallow wells. The area's ground-water
resources are plentifulbut undeveloped, and still much remains to be
determined about them. Future studies should include a photo-lineament
analysis, piezometric surface mapping, aquifer tests, and the determina-
tion ofthe control of fault and foldaxes onground-water movement
so that one day the area's valuable ground-water resources can be
properly developed and protected.
Figure 2. Plot of lateral resistivity traverse using tri-potential technique. Figure 3. Plot of resistivity vertical sounding profile.
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ABSTRACT
Reported animal rabies in Arkansas is reviewed for the years 1950-81 . Total cases ranged from 44
in 1969 to 332 in 1979, with amean of 154. Domestic animals accounted for 72.5% of the total cases
until 1961-63 and then declined to 15.8% from 1964-81. This switch from domestic to wildlife rabies
corresponded to a similar trend in nationally reported rabies and was probably due to increased public
awareness and the vaccination ofdomestic dogs and cats.
Over the 31 year period a total of 18 species of mammals has been implicated in reported rabies
(individual species of foxes, bats and skunks have been grouped together). The four species accounting
for the highest incidence are: skunks (34.5%), dogs (27.2%), foxes (15.8%) and cattle (13.9%).
Between 1964-81 , skunks accounted for 63.5% of total reported rabies; however, in recent years this
percentage has increased to 80-90%.
INTRODUCTION
Rabies, a disease of severe and usually fatal consequences, has been
known to man at least since ancient Mesopotamia (1800 B.C.) (Kaplan
and Koprowski, 1980). Inthe United States, rabies was first recorded
in Virginiain1753 followed by a foxrabies epizootic inMassachusetts
in 1812. During the past 100 years, wildlife epizootics have been
recognized throughout the country (McLean, 1970). InArkansas, rabies
has been known at least since the late 1800's when a human death was
recorded in Garland County. Actual statistical data were not compiled
in the United States until 1938 (Scholtens and Tierkel, 1963). InArkan-
sas, recording ofrabies began in1940, however, breakdown by species
was not begun until 1946.
Over the previous 30 years, Arkansas has contributed significantly
to the annual national total ofreported rabies (mean of 3.4% per year,
Table), and has experienced skunk rabies epizootics in the late 1970's
(Heidt et al., 1982). Inspite of this importance, few studies on rabies
in Arkansas have been conducted (Arkansas Department of Health
[ADH],1962a; Ferguson and Heidt, 1980, 1981; Heidt et al., 1982).
It has been shown that the number of reported rabies cases can be
influenced by several factors, including public awareness, number of
animal bites, proximity to health departments, previous experience with
Table. Reported animal rabies in Arkansas: 1950-1981.
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animal rabies and human population densities (Verts and Storm, 1966;
Lewis,1972; Carey et al., 1978). Inaddition, untold numbers ofanimal
rabies cases go undetected due to the normal secretive ornocturnal habits
of most animals, lack of human presence in a given epizootic area,
quickness of death once symptoms appear and most rabies cases are
expressed in the 'dumb' rather than 'furious' form (McLean, 1970;
Kaplan and Koprowski, 1980). Thus, Ifeel reported rabies is a useful
tool forshowing trends and epizootics, but its limitations must be kept
inmind. This study was done to summarize the reported cases of animal
rabies in Arkansas, and compare them tonational reported rabies, over
the previous 31 years (1950-1981). These data can be used to aid in
identifying problem animals and trends inrabies and to provide basic
information for further studies.
METHODS ANDMATERIALS
Data for the Arkansas portion of the study were compiled from an
Arkansas Department of Health unpublished mimeo summarizing rabies
from 1940-1961 (ADH, 1962a) and the yearly Arkansas Department
ofHealth Mortality and Morbidity reports (ADH, 1962b-1981). Sup-
plementary information was obtained through several conversations with
Dr. Thoams C. McChesney (Director, Division of Veterinary Public
Health, Arkansas Department of Health).National reported rabies data
were compiled from several publications of the National Centers for




Total reported cases ofrabies in Arkansas (1950-81) ranged from a
low of44 in 1969 to a high of 332 in 1978, with a mean of 154 cases
per year (Table, Fig. 1). During the 31 years there have been 7
transient and 2 major peaks ofrabies activity (Fig. 1).This pattern of
transient increases and decreases followed by a major outbreak has also
been seen in other states (e.g. Illinois, Tennessee, New York and Penn-
sylvania) (Sanderson et al., 1967; Friend, 1968; Hall, 1978; Wampler
and Kirkland, 1981).
Figure 2 compares total reported rabies inArkansas and the United
States between 1953-81. With the exception of 1959-62 there is a rough
parallel between them. During 1959-62 there was a rabies epizootic in
Arkansas while the nation was showing a decline in reported rabies.
During the 31 year period, Arkansas contributed an average of 3.4%
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(ranging from 1.2-9.3%) of the nation's reported rabies (Table). Con-
sidering the number of states and the total geographic area involved,
1 feel that this is highlysignificant and points out Arkansas' impor-
tance in the evaluation of national rabies.
Reported animal rabies for the 31year period is summarized byspecies
and year in the Table. Eighteen different kinds of mammals (no distinc-
tionis made between individual species of skunks, foxes, and bats) have
been reported with laboratory confirmed rabies. Seven of these are con-
sidered domestic animals, while the other 11 are classified as wildlife.
Figure 1compares domestic, wildlife and total cases. Domestic animal
rabies predominated until 1963 when the cases were approximately equal.
Since 1963, wildlife rabies has averaged 84% of the total cases (51-95%).
This major reversal has been primarily due to large decreases in domestic
dog rabies (see Fig. 3).The same trend has been seen nationally (wildlife
average 72%), however, the switch from domestic to wildlife rabies
occurred in 1960 (McLean, 1970; Winkler, 1972b; CDC, 1981c).
Skunks (34.5%), dogs (27.2%), foxes (15.8%) and cattle (13.9%),
accounting for a total of 91.4%, have been the major animals
responsible for reported rabies in Arkansas. Each of these, together
withbats (which have shown steady increases since first reported in1961)are discussed in following sections. The remaining 13 species of mam-
mals have each had incidences ofless than 6% and most less than 1%
of the total (Table). Domestic cats are included in the CDC rabies' sum-
maries as one of the major vectors. InArkansas, cats have been ofminor
importance, accounting for 2.9% of the total reported rabies and at
no time have they contributed more than 9% of the total. Rodents have
been shown to be a minor source of rabies (Winkler, 1972a) and
during the 31 year period in Arkansas they have accounted for only
four cases, less than 0.1%. Winkler (1972a) and a CDC report (1977)
point out that rodent rabies is not endemic in the United States and
that ofsome 25,000 rodents examined annually only 4-5 are laboratory
confirmed positive. Thus, Ithink it can be safely stated that wild
rodent rabies represents a slight threat to humans. Raccoons represent
one of the four major wildliferabies vectors in the United States (CDC,
1977, 1978, 1979, 1980, 1981b, 1982). However, raccoon rabies is almost
exclusively confined to the southeastern United States (McLean, 1975)
and, as would be expected, is virtually nonexistant in Arkansas at the
present time (only 9 cases since 1950 have been reported).
Domestic Dog.
Inthe United States, prior to the mid-1950's, dog rabies was most
prevalent, accounting forover 60% of total reported rabies (McLean,
1970). Since then, in spite of a tremendous increase inthe overall dog
population, dog rabies has steadily decreased untilitnow accounts for
less than 5% ofthe total (CDC, 1979, 1980, 1981a). The decline ofdog
rabies has been attributed to increased public awareness, rabies vac-
cination campaigns and improved vaccines (McLean, 1970; Sikes, 1975).
Asimilar, but more dramatic, trend in domestic dog rabies has been
seen in Arkansas. From a high of85.5% of total reported cases in 1951,
dog rabies has dropped to less than 1% over the last six years (Fig.
3). This decrease is due, in part, to the same factors which have operated
nationally; however, in addition to these factors, Arkansas has a Rabies
Control Act (Amended, 1975) that requires alldogs and cats to be vac-
cinated annually (by a licensed veterinarian) against rabies. This law,
however, does not ban the sale of rabies vaccines over the counter. Thus
'home vaccinations', which may or may not be adequate due to the
use of vaccine whichhas lost potency due to improper storage, improper
administration or using the wrong vaccine, are often done by private
individuals. Arkansas Department of Health personnel estimate that
roughly 50% of the some 275,000 + dogs in Arkansas are vaccinated
against rabies. This figure compares favorably with Texas, Oklahoma
and Missouri where no rabies control laws probably result inless than
20% of the dog population being vaccinated. The Communicable
Disease Center has indicated that most areas inthe United States have
about a 30% vaccination rate (Dr. T. McChesney, pers. comm.).
Cattle.
Cattle rabies is ofconcern due to the economic loss sustained by the
owners of infected animals. The reporting of cattle rabies may be
somewhat misleading because ofthe difficultyin transporting the brain
to the health department (Dr. T. McChesney, pers. comm. ). Inspite
of this, cattle rabies has ranked fourthin overall incidence (Table), plac-
ing cattle rabies in Arkansas higher than that nationally where itseldom
accounts for more than 5-8% of the total reported rabies.
Figure 1.Comparison of total, domestic animal and wildlife reported
rabies in Arkansas between 1950-1981.
Figure 2. Total reported animal rabies in Arkansas compared to the
United States between 1953-1981.
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Percentage-wise, cattle rabies was more significant during the 1960's;
and in recent years has declined to a relatively low percentage (Fig. 3).
The CDC (1981c) reports that a high rabies incidence indomestic animals
is generally reported from areas where rabies is highlyendemic inskunks
or foxes, reflecting the usual transmission from wildlife to domestic
animals. Compared to the national level, this seems tobe the case in
Arkansas where cattle rabies is relatively high coupled with a high
endemic level of skunk rabies. However, examination of the Table and
Fig.3 and 4 indicates little, ifany, correlation in concomitant increases
in reported skunk and cattle rabies.
of the state. More recent, unpublished data, have shown that in 1981
skunk rabies was reported inthe delta fromLonoke, Prairie and Arkan-
sas counties. They also found that 16 density-independent variables had
no correlation with the distribution of rabies, indicating the primary
determinants affecting the distribution to be biotic. With respect to
human contacts with rabid skunks, they found that, "the rabid skunk
coming in contact with humans generally will be solitary, aggressive
orunafraid and found around buildings in the country duringdaylight
hours (usually in the morning)".
Fox.
Three of the five species of foxes (arctic fox, Alopex lagopus; red
fox, Vulpes vulpes; and gray fox, Urocyon cinereoargenteus) in the
United States have an important history ofrabies. However, only the
latter two species are important in the contiguous states and combined
reporting is standard practice (Winkler, 1975). Over the past 30 years,
foxrabies has primarily centered inKentucky, Tennessee and the New
England states (Winkler, 1975; Hall, 1978). As previously mentioned,
foxes were replaced by skunks as the major wildlife vector in the late
1950's and early 1960's and over the past five years, foxes have accounted
for only about 4% of the total reported rabies in the United States.
InArkansas, foxes (red and gray combined) were the major wildlife
vector until 1964 when skunks displaced them (Table, Fig. 4). With only
3 reported cases in the last 5years, fox rabies in Arkansas is negligible.
Over the past several years, populations of red and possibly gray fox
have reportedly been declining in the state (McArdle, 1979). These
population declines could be a major reason for the lack of fox rabies
in the state; particularly if,as several authors have suggested, rabies
is density-dependent (Rausch, 1958; Marxand Swink, 1963; McLean,
1970).
Figure 4. Percent of total reported animal rabies in Arkansas attributable
to skunks, foxes and bats (all species of each have been combined)
between 1950-1981.
Skunk.
There are six species of skunks (eastern spotted, Spiiogale putorius;
western spotted, S. gracilis; striped, Mephitis mephitis; hooded, M.
macroura; hog-nose, Conepatus mesoleucus; and eastern hog-nose, C.
leuconolus) in the United States, all of which have been involved in
reported cases of rabies (Verts, 1967; Parker, 1975). The two species
ofspotted skunks together with the striped skunk are the major vec-
tors, however, in most reporting cases all six species are combined. Since
the late 1950's and early 1960's, when they replaced foxes, skunks have
been the most prevalent wildlifevectors (McLean, 1970; Parker, 1975).
In recent years skunk rabies has accounted for 40-50% of the total
reported rabies in the United States, reaching 65%"in 1980 (CDC, 1977,
1978, 1981a, 1981b, 1981c). The vast majority of skunk rabies is reported
from a skunk rabies belt extending from southern Texas and Louisiana
north into Canada (Parker, 1975). Furthermore, due to large number
of reported skunk rabies in recent years, several of these states (Arkan-
sas, Texas, Oklahoma, Missouri, Iowa) have experienced skunk rabies
epizootics (Parker, 1975; CDC, 1981a, 1981c; Heidt et al., 1982).
Arkansas is in the geographic range of two species of skunks, the
eastern spotted and the striped. While both species have been found
positive for rabies, they have been combined for reporting purposes.
Lower densities and more secretive habits of the spotted skunk, however,
have made the striped skunk the principle vector. Skunk rabies inArkan-
sas became important in 1963-64, and since that time has accounted
for63.5% of the total reported rabies in thestate (80% or more in each
of the years since 1976) (Table, Fig. 4). Skunk rabies reached epizootic
conditions in 1979 when a total of 301 cases was reported and
Arkansas ranked first in the United States in the number of laboratory
confirmed cases per square mile (Heidt et al., 1982). Since 1979, reported
cases of skunk rabies have declined (Table, Fig. 4), however, itremains
a serious problem in the state.
Ferguson and Heidt (1980) and Heidt et al. (1982) conducted
detailed studies into the characteristics and epidemiology of reported
skunk rabies and human contact with rabid skunks for the years 1977-79.
They found that March, Apriland May had the highest reported in-
cidences and that skunk rabies seemed confined to the highland areas
Bat.
Bat rabies was not reported in the United States until1953, however,
it may have been present inbats long before it was reported (Baer, 1975).
Since first reported, the number of bat rabies' cases has steadily risen
culminating, in the United States, with 756 and 738 cases in 1979 and
1980 respectively (CDC, 1981c). Bat rabies also appears tobe more wide-
lydistributed geographically than that ofany other wildlifehost (e.g.,
in 1979, bat rabies was reported from 46 states) (CDC, 1981c).
InArkansas, bat rabies was not reported until 1961 (Table, Fig. 4).
Since then ithas averaged a littleover 9 cases per year and has accounted
for 6.7% of the total reported rabies. Itappears that reported bat rabies
has increased slightlyover the past few years and may potentially repre-
sent an important future reservoir in the state.
There are 16 species of bats in Arkansas, all of which have been
reported in the literature to have carried rabies (Baer, 1975; Constan-
tine, 1979). Until 1979 no attempt was made to determine which species
of bats were tested or reported rabid and because of the lack of
expertise in the State Health Department Diagnostic Laboratory,
present identifications may also be subject to error (Dr.T.McChesney,
pers. comm, ).Inspite of this, Ifeel that identification of the follow-
ing species are clear enough to warrant inclusion as definite bat
vectors in Arkansas: little brown bat, Myotislucifugus; bigbrown bat,
Eptesicus fuseus; evening bat, Nycticeius humeralis; red bat, Lasiurus
borealis; and the eastern pipistrelle, Pipistrellus subflavus. Inorder to
present a clear representation of bat rabies in Arkansas further efforts
should be made to clearly identify bats sent to the state health depart-
ment for testing. The various habits and habitats of the different species
ofbats may well reflect differences in the epidemiology of rabies in
the state.
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SOIL TRAVERSING ARTHROPOD POPULATIONS
AS SAMPLED BY PITFALL TRAPS INSUNFLOWER
AND THREE ADJACENT HABITATSIN
NORTHEAST ARKANSAS
LINDA A. LEE and HARVEYE. BARTON
Department of Biological Sciences
Arkansas State University
State University, Arkansas 72467
ABSTRACT
Soil traversing arthropod populations were sampled bypitfalltraps in sunflower (Helianthus spp.) and
three adjacent habitats during the months of July, August and September of 1980 and May, June, July
and August of 1981.In1980, four varieties of sunflower (Ellar,Hybrid 670, 891 and S-345) were planted.
A single variety of sunflower (Ellar) was planted in1981. The three adjacent habitats inboth 1980 and
1981 were a pine stand, grass border and fence row. Of 1,748 specimens collected in1980, 17orders
and 48 families were represented. Four orders comprised 78% of the total catch: Hymenoptera (45%),
Acari (17%), Collembola(11%) and Coleoptera (5%). In1981, 20 orders and 64 families were represented
ina total of26,693 trapped specimens. Four orders composed 88% of the total catch: Collembola (57%),
Acari (14%), Hymenoptera (11%) and Homoptera (6%). Family composition and seasonal occurrence
are discussed and compared for habitats sampled. Weather data are presented and discussed inrelation
to arthropod activity.
INTRODUCTION increases the possibility that rice acreage willdiminish in the future and
be replaced by alternative cash crops. We feel that sunflower would
be a logical choice as an alternative crop innortheast Arkansas.Sunflower (Helianthus spp.) is becoming increasingly important as
a productive commercial product in the United States, particularly in
southern states. Growing areas range from North and South Dakota
to California, and from Canada to Mexico. Morrison and Wilson (1980)
reported the Red River ValleyofNorth Dakota and Minnesota topossess
the largest plantings. In1977, sunflower yieldin the United States in-
creased 25% with a large-scale turnover from open-pollinated varieties
to hybrids.
In 1980, we conducted the preliminary portion of this study in
Craighead County, Arkansas, which was undergoing the longest, most
extreme hot and dry period on record (Table 2). The sunflowers were
planted in late Mayand virtuallyno subsequent rainfallofsignificance
was recorded in Craighead County until September, which was wellafter
harvest time fora first crop ofsunflowers. Althoughno yielddata were
taken, the sunflowers appeared healthy and had large blooms which
were filled with seeds at maturity. In 1977, a southeastern drought
verified sunflower drought tolerance and thereby strengthened its posi-
tion as an alternate cash crop (Lynch and Garner, 1980).
InMinnesota and the Dakotas, sunflower growing since the mid-60's
has been found to be profitable and commercially competitive with corn
and soybean production. Texas has continually produced substantial
sunflower acreage every year since 1975 (Jernigan, 1978).
Studies conducted by Broom and Lyford (1981) revealed a continu-
ing decrease in the water table in northeast Arkansas (Table 1). A
considerable drop in the water table during a five year period is shown,
particularly in Lawrence, Poinsett, Crittenden and St. Francis coun-
ties. Similar studies prior to 1976 show the water table tobe decreasing
at a greater rate each year. This rapid exhaustion of water resources
Substantial sunflower acreage was planted in southeast and southern
states in 1978, with the greatest amounts being grown in Florida,
Alabama, South Carolina, Mississippi and Tennessee, which have
proven to be successful forsunflower production. Inthe Cotton Belt
States, some farmers and oilseed crushers have already begun looking
to sunflower as an alternate cash crop and as a source ofnew materials
forcottonseed processing plants. Sunflower yield is expected to increase
as methods for higher oilcontent and better disease and insect resistance
are developed. Sunflower may soon partially replace corn, soybean,
and cotton and be planted on land previously planted to barley or wheat
(Jernigan, 1978).
Table 1. Water table data for northeast Arkansas.
Net Change (m)
1976-1980Arkansas Counties
Table 2. Weather data for 1980-1981 study.
Mean Temperature
Max. °C. Mln. °C. Rainfall (mi)
Honth 1980 1981 I960 1981 1980 1981
May 27.2 24.7 14.3 U-3 87.9 211.3
June 36.7 31.4 12.2 21.1 26.4 137.7
July 36.6 33.6 23.5 23.1 1.0 49.3
August 36.0 31.1 23.2 20.8 o.O 81.8
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Kromer (1967) presented a variety of ways that whole or dehulled
sunflower seeds may be used in food, fertilizer, fueland industry, and
suggested various uses forsunflower residue materials (hulls,stalks and
heads).
Jernigan (1978) stated that for dietary purposes, sunflower oilis better
than other vegetable oils due to its high ratio of polyunsaturated to
saturated fatty acids. He found that southern sunflower provides a
higher percentage ofunsaturated oleic acid and less linoleic acid than
northern grown sunflower. This improves the oil's flavor and better
maintains quality and balance during heating than does oil from
northern-grown sunflower.
Sunflower requires less nitrogen than most crops, and may be
double cropped inmuch of the southeast where growing seasons are
longer (Lynch and Garner, 1980). It grows on a variety ofsoil types,
ranging from sandy loam to clay. Thus, soils producing good crops
ofcorn, soybeans or cotton willalso grow sunflower (Jernigan, 1978).
Several insect species are known to infest sunflower. Early season
sunflower is likely to be infested by the armyworm (Pseudalitia
unipuncta) and by various cutworms (Noctuidae). Jernigan (1978)
reported that other potential economic threats include: the sunflower
headmoth, Homoesoma electellum (Hulst), the sunflower head clip-
per weevil, Haplorhynchites aeneus (Boheman), and the carrot beetle,
Eutheda rugiceps (LeConte). He also mentioned that tumbling flower
beetles (Mordellidae), stink bugs (Pentatomidae) and leaf-footed bugs
(Coreidae) may also be occasional pests. According toLynch and Garner
(1980), thecorn earworm, Heliothis zea (Boddie), the tobacco budworm,
Heliothis virescens (Fab.) and the soybean looper, Pseudoplusia in-
cludens (Walker) are likelyto become immediate economic threats to
sunflower production in southern Georgia. We could find no report
of any study concerned with soil traversing arthropods in sunflower.
Due to the general paucity of records on arthropod populations
associated with sunflower, we undertook this study.
This investigation was conducted innortheast Arkansas, which is an
agricultural area. Three varieties of sunflower (Ellar,S-345 and Hybrid
670), a pine stand, grass border and fence row were utilized in the 1980
study while one variety (Ellar), a pine stand, grass border and fence
row were used in 1981. Family composition and seasonal occurrence
are compared and discussed for pitfall trap catches inthese habitats.
METHODS ANDMATERIALS
A2023m 2plot ofland on the Arkansas State University campus served
as the study site. The land had lain fallow several years prior to 1980
and had never been planted to sunflower. The 1980 planting was done
on May 28. Using aPrecision® hand planter, seeds were planted ap-
proximately nine cm apart and at a depth of2.5 cm. Four varieties of
sunflower: Ellar, 891, Hybrid 670 and S-345 were each represented once
in four tiers of randomly selected plots (Figure 1.).Ellar is a birdseed
variety and the other three hybrids are oilseed varieties. The planting
area (Figure 1) was 36 x 24 m and included a total of 16 plots, each
plotbeing six m in length. Located between each tier ofplots were 1.5
malleyways. Fertilizer (13-13-13) was applied manually over each row
at planting at the approximate rate of 336 kg/ha.
By June 3,1980, allvarieties except 891 were showing good emergence
and were ready to be thinned. Laboratory tests of 891 indicated less
than two percent germination, so use of this variety was discontinued
for this study.
No harmful insect infestation was observed in any variety by July
22, 1980, at which time pitfalltraps were installed inthe middle of the
fifth row of randomly selected plots of the three varieties that had
germinated (Ellar,S-345 and Hybrid670). Inaddition, two pitfalltraps
were installed in each of three adjacent habitats (Figure 1).
Pitfall traps consisted of a 10 oz. plastic Dixie Cup® placed inside
a wide-mouth pint mason jar. Ametal ring was attached to the jar lid.
The assembled cup, jar and ring were placed in an 11.1 cm diameter
metal cylinder. After installation, the metal ringattached to the jar lid
Figure 1. Diagram of sunflower plots and adjacent habitats showing
approximate location of pitfall traps (1-12) in 1980.
2
Figure 2. Diagram of sunflower plot and adjacent habitats showing
approximate location of pitfall traps (1-24) in 1981.
was flush with the soil surface. The twelve traps were operated for24
hours twice a week from July 23, 1980 to October 1,1980. Each trap
cup was filledapproximately one-fourth full with 5O<Vo isopropyl alcohol.
On collecting days, specimens were transferred to marked vialsand taken
to the laboratory for later identification. Trap cups were inverted and
left empty and dry betwen trap days.
In1981, the same study site (Figure 2) was used as in 1980 with all
procedures and materials being duplicated with the following excep-
tions. Only one variety ofsunflower (Ellar) was planted. Six traps were
installed in each habitat as follows: pine stand (traps #1-6), grass border
(traps #7-12), sunflower (traps #13-18) and the fence row (traps #19-24).
The single sunflower plot was planted in 101.6 cm rows which were
30.5 m long. In1981, planting began on May 1 with pitfalltraps being
installed on May2. The sampling period consisted of 16 weeks during
the months of May, June, July and August.
Pitfall traps were modified in1981 to consist only ofa wide-mouth
pint mason jar containing a plastic DixieCup* insert. This combina-
tion was installed so the rim of the jar was flush with the soil surface.
Borror et al. (1981) was used as a reference for identification of
specimens to family or order levels.
Weather data recorded by the Jonesboro Flight Service located
approximately 1.5 km from the collecting site were obtained for each
24-hour period and is summarized in Table 2. Data for months during
which pitfalltraps were not in operation were also presented (Table
2) to provide a total concept of the weather conditions during all the
study months of 1980 and 1981.
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RESULTS AND DISCUSSION
1980 Study
Table 3 presents a summary ofall taxa collected in 1980. A total of
1 ,748 specimens was collected representing 17 orders and 48 families.
Seventy-eight percent of the total 1980 catch was contained in four orders
(Hymenoptera, Acari,Collembola and Coleoptera). Hymenoptera was
the predominant taxon collected representing 45% of the total number
followed by Acari 17970, Collembola 11% and Coleoptera 5%. The re-
maining 22% of the total catch was contained in 13 orders.
Percentage composition of the 1980 major taxa in each of the six
habitats is presented inTable 4. Total numbers ofspecimens collected
per habitat are represented by N. Taxa comprising less than 2% of the
total numbers collected were excluded. Largest numbers of specimens
were collected from the fence row and pine stand.
Formicidae was the predominant family in all habitats sampled in
1980 representing over 50% of the total catch inHybrid 670, the fence
row and the pine stand. This is a highly successful insect group,
occurring in most habitats and outnumbering the majorityofother ter-
restrial animals (Imms, 1957; Borror et al., 1981). Being predominant
in 1980 may be attributable to their better adaptation to the atypical
weather conditions experienced, as they were not the dominant taxon
for any terrestrial habitat in 1981.
Acari was the second most common taxon and was represented
in all habitats sampled. Acari represented less than one percent of the
specimens collected inthe pine stand, thereby excluding them from the
major taxa in that habitat.
Entomobryidae and Sminthuridae were found to be present in all six
habitats although they were not present in large numbers as compared
to 1981. Extremely dry conditions may have limited the collembolan
population since moist areas are a preferred habitat for this group.
Carabidae, though collected from all habitats sampled, was not a
major taxon in S-345 and the grass border. Large numbers ofcarabids
in the pine stand concurs favorably with studies done by Allen and
Thompson (1977) who concluded that pine stands were a more
preferred habitat compared to others such as oak-hickory and
bottomland hardwoods.
Extreme weather conditions of 1980 are believed to have been a
factor contributing to the small number of specimens collected. The
sunflower plots were constantly in direct sunlight and subject to the
effects of the extreme heat. Since soil surrface temperature normally
is higher than the temperature immediately above the soil surface level,
it is quite probable that this factor may have influenced the occurrence
of the soil traversing arthropods in the study area. The metal ring,which
was present on each pitfall trap in 1980, undoubtably had a higher
temperature than the soil surrounding the pitfall-trap. The ring may
have prevented at least some arthropods from entering the trap.
Table 4. Percentage composition of major taxa in each of sixhabitats
(1980).
Hybrid Fence Grass Pine
Taxon S-345 670 Ellar Bow Border Stand
Formicidae 35.9 50.9 38.2 56.2 23. 1 58.7
Diptera larvae
* * • » 1J+.U- *








Sminthuridae 4.0 5.9 5.8 3.5 » 14.4
Acari 23.8 25.3 26.3 H.2 21.6 *
Araneae 14.1 2.S
* » * 3.2
N 248 289 259 347 264 341
*
Values less than 2.00%.
Table 5. Summary of all 1981 taxa collected.
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1981 Study
In1981, 26,693 specimens were collected, representing 20 orders and
64 families (Table 5). Predominant orders (Collembola, Acari,
Hymenoptera and Homoptera) comprised 88% of the total catch.
Substantially larger numbers of collembolans (57%) were collected,
followed by Acari (14%), Hymenoptera (11%) and Homoptera (6%).
The remaining 12% of the total catch were contained in 16 orders as
shown in Table 5.
Four orders (Phalangida, Diplura, Siphonaptera and Isoptera) were
collected only in 1981 as compared to one order (Mallophaga) collected
only in 1980. These taxa were represented by insignificant numbers.
A single mallophagan (family Menoponidae) found in one trap is
believed to have been dislodged from one of the many birds observed
to frequent the sunflowers and pine stand.
AlthoughCarabidae were present in larger numbers than the other
11 families of Coleoptera collected in1981, only 0.55% of the total
number ofspecimens collected were inthis family. We expected to find
more carabids, particularly in the sunflower and pine stand since this
is a large family common to northeast Arkansas and because of the
soil traversing habits of the family.
Figures 3-6 indicate weekly percentage composition of major taxa
collected in 1981 during the 16-week sampling period ineach of the
four habitats. Collembolans were dominant ineach habitat, generally
followed by Acari,Formicidae and Cicadellidae. Collembola was the
most abundant taxon in 1981, representing 57% of the total number
of specimens trapped. More nearly typical temperatures and rainfall
amounts may be credited for their dominant numbers in 1981 as com-
pared to lower numbers found in 1980. Borror et al. (1981) reported
that collembolan populations often are large (up to 100,000 per m!of
surface soil). Maynard (1951) reported that collembolans are a
cosmopolitan group and are likelyto occur in virtuallyany terrestrial
habitat that contains enough moisture for plant growth. Extreme hot
and dry weather conditions (Table 2) may have substantially reduced
the nubmer ofcollembolans collected in1980 (Table 4). Collembolans
are economically important pests of several major agricultural crops
such as alfalfa, mushrooms, truck garden crops, forage and cereal crops,
according to Maynard (1951). Although the collembolan population
could build to economic levels in sunflower, we do not presently foresee
them as a serious threat, primarily because of their habits of feeding
on decaying plant material, fungi and bacteria. Due to the large numbers
found inall habitats in 1981, we feel that further study of this group
and its relationship to sunflower is warranted.
As in1980, Acari were again found tobe a major taxon in1981 (Table
4). Acariare ubiquitous arthropods, abundant in soil and organic debris
and often outnumbering other arthropods (Borror et al., 1981). Acari
were found to occupy the second ordinal position in both the grass
border and sunflower areas during most study weeks (Figures 4, 5).
Anthophyta blooming throughout the course of the study may be
credited with Formicidae abundance in the fence row (Figure 6).
Ofatotal of 1,614 cicadellids, 1,069 were collected from sunflower.
Since cicadellids are economic pests of several agricultural crops, they
could become potential pests ofsunflower due to their phytophagous
food habits and disease-vectoring capabilities. Cicadellids were
noticeably low innumber in the pine stand and fence row. This is as
expected because the plant composition was unsuitable for this group
¦n these habitats. Cicadellids began to increase near the end of the study
between weeks 14-16, particularly in the sunflower (Figure 5). We feel
that cicadellids wouldhave reached economic proportions ifa second
sunflower crop had been planted. Due to the known destructive habits
of this taxon, we believe that more detailed studies should be conducted
to determine the influence of leafhoppers on sunflower.
Figure 3. Weekly percentage composition ofmajor taxa inpine stand.
Figure 4. Weekly percentage composition of major taxa in grass border.
Figure 5. Weekly percentage composition ofmajor taxa in sunflower.
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Figure 6. Weekly percentage composition of major taxa in fence row.
SUMMARY AND CONCLUSIONS
In 1980, of 1,748 specimens collected, 17 orders and 48 families were
represented of which four orders and 22 families contained 78% of the
total catch: Hymenoptera (45%), Acari (17%), Collembola (11%) and
Coleoptera (5%). The remaining 22% of the total number was con-
tained in 13 orders and 26 families. Predominant taxa were En-
tomobryidae (42%), Sminthuridae (15%), Acari (14%), Formicidae
(11%) and Cicadellidae (6%), representing 88% of the total number.
The remaining 12% was represented in 19 orders and 60 families.
Comparison of1980 and 1981 data indicates that hot and dry weather
conditions have a limiting effect on collembolan populations.
Collembolans were collected in larger numbers (57%) in 1981 than in
1980(10%).
The major soil traversing pests ofsunflower appear tobe cicadellids.
The greatest number ofcicadellids were trapped from sunflower. Few
beneficial insects were found in this study. Carabidae were collected
in both 1980 and 1981, but not in large numbers.
As a result of this study, we feel there is need for further research
on the influence ofCollembola and Cicadellidae on sunflower. The role
of beneficial arthropods, such as the Carabidae, on the control ofother
soil traversing arthropod populations in sunflower also merits additional
attention.
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ABSTRACT
Eleven subjects were used to determine ifthe exercise regimen of racquetball could be used as aheat
stress acclimator. Core temperature, skin temperature, sweat production, and weight loss were
recorded during a racquetball match. Skin and core temperatures were determined by using thermistors.
Sweat was collected withmodified stress electrodes. Weight loss was recorded bycomparing nude weights
at the beginning and end of a match. The results indicated that an hour of strenuous racquetball play
caused a significant increase in core temperature with subsequent sweating which resulted ina signifi-
cant decrease in skin temperature and weight loss. The exercise regimen of racquetball can act as a
good heat stress acclimator because it produces sufficiently high levels of hyperthermia.
INTRODUCTION
It has been known forsome time that heat stress adversely affects
human performance (Nunneley and James, 1977; Ramsey et al., 1975).
Most authors now agree that physical trainingin a cool environment
improves heat tolerance and heat acclimatization (Cohen and Gisolfi,
1982; Pandolf et al., 1977). The retention of heat acclimatization
responses also appears improved in physically trained individuals
(Pandolf et al., 1977). The maintenance ofa high level of sweating,
lowered heart rate, and lowered internal body temperature are men-
tioned as the physiological changes associated with improved exercise
heat tolerance or heat acclimatization duringphysical activity in a hot
environment. These adaptive responses to heat stress can be establish-
ed by engaging in endurance training programs that increase the heart
rate to at least 60% of the maximum heart rate reserve (MHRR)and
that cause high levels of sweating (American College ofSports Medicine
position statement, 1978).
Studies on the effects of endurance training programs have been in
running, cyclingor swimming (Henane et al., 1977; Roberts et al., 1977).
Other forms ofphysical activityhave not been thoroughly investigated.
Recent studies (Morgans et al., 1982) have shown that the exercise
regimen of racquetball can increase heart rate. It was reported by these
authors that duringa racquetball match, which lasted for an hour, the
players attained an average of75% oftheir MHRR. At no time during
the match did the heart rate drop below 60% of the MHRR. Additional
data on changes inbody temperature and inrate of sweat production
are required to understand the influence of a racquetball game on
thermal acclimatization. The purpose of this study is to determine the
changes in skin temperature, core temperature, and sweat production
during a racquetball match in order to examine the effectiveness of this
indoor game as a heat acclimator which produces hyperthermia within
a physiological range.
MATERIALS ANDMETHODS
Total body weightloss and percent body weightloss were calculated
by comparing nude weights before and after a match (Health o meter
scales, Continental Scale Corp.). Before the weights were recorded, the
subjects showered with warm water in order to remove as much body
oil, sweat, cellular debris, etc. from the body as possible. Input or out-
put of solid or liquid was prohibited during the match.
Skin and core temperatures during the match were monitored with
thermistors (YSI, 400 series). ACole-Parmer thermistor thermometer
meter was used torecord the temperatures. The skin thermistors were
attached to the chest and the core thermistors were inserted approx-
imately 8-10 cm into the rectum. Temperature recordings were made
immediately prior to the commencement of the match and every ten
minutes during the match.
Disposable stress electrodes (Ludlow Medical Products) were modified
so that they could be used to collect sweat. The modification consisted
ofremoving the viscous spongy center of the electrode and replacing
it with some water absorbent material (Dririte)which was covered by
some filter paper that was glued to the central portion of the electrode.
These electrodes were weighed and a single electrode was attached to
(1) the superior portion of the back area; (2) the chest, and (3) the
forehead. At the end of the match, the electrodes were re-weighed and
the quantity of sweat produced was calculated.
Wet bulb, drybulb, and relative humidityrecordings were made with
a sling psychrometer. These recordings were made on the racquetball
court before and after every racquetball match. The recordings were
almost identical foreach match (22.8 °C db, 18.4 °C wb, 68%rh).
The experiments were performed at a local racquetball-health spa
(Arkansas Health World-South). Players were matched as closely to
someone of their own ability level so that amaximum effort could be
attained (Montgomery, 1981).
Significant differences between two means (e.g., core temperature
differences before and after a match) were calculated by using a
Student's t-test. Correlations between various parameters, such as
between sweat rate and weight loss, were determined by using Pearson
Correlation Coefficients (Snedecar and Cochran, 1967).
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RESULTS
The changes that occurred in core temperature are shown inFigure
1. Rectal temperatures rose from 37.6 °C at the beginning of the match
to 39.0 °C at the end of the match. This increase was significant (P<C
.001). The rise in temperature was sustained throughout the entire match
and a steady state was never reached, even at the end of the hour (Figure
1).
There was a significant decrease in skin temperature (P < .025)
during one hour of racquetball play. The skin temperature decreased
from 32.6 °C at the beginning of the match to 31.1°C at the end of the
match (Figure 2). However, there was a small rise in temperature at
the 40 minute mark of the match.
Sweat rates, weightlosses, and percent weight losses of the subjects
while they played racquetball foran hour are shown in the Table. An
hour ofracquetball play caused an increase in sweat excretion. The rates
ofsweat production were observed to varygreatly among players. The
recorded values were between 0.95 mg/cmVmin and 2.05 mg/cmVmin.
The average sweat excretion was 1.58 mg/cmVmin. per individual.
There was nomarked decrease in body weights. Average weight reduc-
tion was 1.21 kg or 1.53% of the total body weight.
Pearson correlation coefficients showed that a positive correlation
existed between sweat rates and weight losses (r = 0.66) and between
sweat rates and core temperature changes (r = 0.84). Figure 2. A recording of skin temperature during an hour of racquet
ball play. (X ± SE).
Figure 1.A recording of rectal temperature duringan hour ofracquet-
ball play. (X ± SE).
Table. Sweat rate, weight loss and percent weight loss ofsubjects while
they played racquetball for one hour.
Subjects S«e«t r«te (mg/cn^/mtr) Weight Loss (kg) lMight loss
1.77 «ND •« NO
2 1.32 0.91 1.05
2.03 1.70 2.32
4 1.73 2.04 2.58
5 1.56 1.36 1.60
6 1.49 1.07 1.43
7 1.39 1.02 1.22
8 2.00 0.91 1.09
9 1.29 0.79 0.92
10 1.90 1.S9 2.05
11 0.95 0.68 1.07
»X t SD I 1.58 - 0.32 | 1.21 - 0.42 | 1.53 - 0.56
NO • no d«u
DISCUSSION
An hour of racquetball play caused a significant increase in core
temperature, a marked decrease in skin temperature, sweating, and a
weight loss.
Rectal temperature rose by2.0 °C. The elevation incore temperature
was due to an increase in catabolism which was accelerated by the
exercise regimen (racquetball). Similar increases in central body
temperature have been reported in running (Gisolfi, 1973), cycling
(Henane et al., 1977), ice hockey (MacDougall, 1979), and squash
(Blanksby et al., 1980). A maximal increase of core temperature was
reported in runners who participated in races of three or more miles.
Inthese men the rectal temperatures increased to 41.1 °C (Gisolfi et al.,
1977). Inthe present study, the core temperature was not observed to
reach a steady state probably due to the fact that the muscular work
was notprolonged until the heat levelinblood reached the altered set
point in the hypothalamic thermal regulatory system.
The significant decrease in skin temperature during a racquetball
match was due to a combination ofconduction, convection, and radia-
tion and chiefly due to evaporation of sweat. Similar decreases in skin
temperature have been observed in various exercise regimens (Drinkwater
et al., 1977). The cooling effect is a physical, rather than aphysiological
mechanism. Agram of water absorbs 580 calories of heat in order to
change state from a liquid to a vapour. This amount of heat is
absorbed from the skin and surroundings.
The subjects were observed to sweat profusely. The sweating was due
to the hyperthermia involvedin the exercise regimen. Sweat glands pro-
vide the major physiological defense against overheating. The heat loss
duringexercise and inheat stress is from evaporation of actively secreted
sweat. The evaporation ofa liter ofsweat requires approximately 580
kcal ofheat which is obtained from the body surface and from sur-
rounding air or objects. Sweat rates as high as 3.88 kg/hr have been
reported forshort, severe bouts ofexercise inhot environments (Bean
and Eickna, 1943). The subjects inthis study showed similar sweat rates.
The observed weight loss is due to the amount of water lost in the
form of sweat and in the expired air. The decrease in body weight is
proportional to the amount of water lost by these two components in
this experiment. Football and basketball players may lose from 3-7 per-
cent of their body weight during the course of a contest (Buskirk and
Bass, 1980). The average football and basketball game lasts two to three
hours. Inthis experiment, the racquetball match lasted only an hour.
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Therefore, ifone corrects for the time factor, i.e., consider weightloss
in terms ofbody weightlost/hour, then the results of the two exercise
regimens (football and basketball vs. racquetball) are comparable.
Correlation coefficients showed that a positive correlation existed
between sweat rates and weight losses and between sweat rates and in-
creases in core temperature. As the core temperature increases, the
hypothalamic heat regulatory center is altered towards cooling the
inner body tissues. The main mechanism that humans use for losing
excess heat is by the evaporation ofsweat. The same type ofrelation-
ship between sweat rate and core temperature has been shown with
female distance runners and basketball players (Kobayoski et al., 1980)
and with male distance runners, cross country skiers, and competitive
swimmers (Baum et al., 1976; Henane et al., 1977).
Therefore, the results of these experiments have shown that the ex-
ercise regimen of racquetball can act as a good heat stress acclimator
because it produces hyperthermia, sweating, a significant decrease in
skin temperature, and a weight loss.
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ABSTRACT
The same invertebrate fauna of 17 species was found in Devils Den Cave, Washington County,
Arkansas, in 1969 and 1979. The fauna consists of 1 trogloxene, 14 troglophiles, and 2 troglobites, a
spider, Porrhomma cavernicolum, and a collembolan, Pseudosinella dubia. Devils Den Cave has a
well developed cavernicolous fauna, although it is in sandstone which generally supports a poor cave
adapted fauna. The troglobites probably evolved in the vicinityof northwestern Arkansas in limestone
caves or in deep forest soils of the Ozark region. They then dispersed overland, perhaps as recently
as the late Wisconsinan, to occupy this sandstone cave.
INTRODUCTION
Surveys ofthe taxonomic composition ofthe invertebrate faunas of
NorthAmerican caves have progressed considerably since the checklist
by Nicholas (1960) in which few records from Arkansas caves were
reported. Considerable survey work has since been conducted inNorth
America (see Peck and Lewis, 1977, for a review), including Arkansas
(McDaniel and Smith, 1976; McDaniel et al., 1979; Youngsteadt and
Youngsteadt, 1978). These reports concerned faunas oflimestone caves,
which generally received more attention than sandstone caves in
Arkansas and eastern North America. Arkansas has numerous sand-
stone features approximating caves, such as the sandstone crevice caves
of Devils Den State Park, Washington County, in northwestern
Arkansas. The report ofa troglobitic collembolan from a cave inthe
park (Christiansen, 1960) suggested to us that these sandstone caves
required a survey to assess their cavernicolous faunas.
Devils Den State Park contains six crevice caves in Pennsylvanian
sandstone (Harvey et al., 1981). These caves were formed byslippage
ofsandstone blocks. Widely spaced joints between blocks opened as
the blocks slipped on underlyingbeds of shales, which were probably
lubricated by seepage water. The best developed cave is named Devils
Den, from which the park receives its name and is a relatively straight
fracture-opening penetrating the hillside approximately 180 m and having
onlya small entrance. We report the results of surveys conducted in
1969 and 1979 to assess the invertebrate fauna ofDevils Den Cave.
METHODS
Surveys were conducted in May of 1969 and 1979, as part ofa research
program on the evolution and distribution of cave-inhabiting in-
vertebrates. Organisms were obtained by hand collection and at baits
of human dung or carrion suspended above pit traps withpreservative
solutions. A faunal list was prepared and annotated with status, life
history, or distributional information. The probable ecological adap-
tation of each species is given, following the criteria developed by Barr






Rhagida sp. Troglophile. Species of this and related genera of mites
are often found incool and wet habitats, such as caves. Elliott
and Strandtmann (1971) report R. longisensilla Shiba from
Diamond Cave, Newton Co., AR. Known from Japan and
Alaska. Other species undoubtably occur in Arkansas, since R.
hilli Strandtmann, R. weyerensis (Packard) and R. whartoni
Strandtmann are found in Missouri caves (J. L. Craig, 1977,
and pers. comm.) Zacharda (1980) has revised the nomenclature
of this family.
Family Eupodidae
Linopodes sp. Troglophile. Predatory mites occasionally found incaves.
Order Aranea
Family Araneidae
Meta menardi (Latreille).Troglophile. Widespread incaves and similar
habitats throughout much ofeastern United States. McDaniel
et al. (1979) report this spider from Needles Cave, Izard Co.
Family Linyphiidae
Porrhomma cavernicolum (Keyserling). Troglobite. A small, pale,
eyeless species, widespread inthe Appalachian and Interior Low
Plateau regions from Virginia to Oklahoma, but known only
from caves. This population is well established, since 4 males,
7 females, and 4 immatures were observed. McDaniel et al. (1979)
report this species from Davis Pit, Searcy Co.
Order Opiliones
Family Ischyropsalidae
Sabacon cavicolens (Packard). Troglophile. Immatures only. They may
notbe this species, which is widespread inforest habitats in the
eastern U.S. (Shear, 1975). Reported from Roasting Ear Cave,
Stone Co. (McDaniel et al., 1979).
Family Phalangodidae
48
Journal of the Arkansas Academy of Science, Vol. 36 [1982], Art. 1
https://scholarworks.uark.edu/jaas/vol36/iss1/1
Arkansas Academy of Science Proceedings, Vol. XXXVI,1982 47
A
Stewart P. Peck and James H. Peck
Crosbyella spinturnix (Crosby and Bishop). Troglophile. Reported in
other Arkansas caves by Goodnight and Goodnight (1942),




Trigenotyla parca Causey. Troglophile. Phylogenetically close to the
cave restricted Scoterpes of caves throughout Ozark and Ap-





Pseudosinella dubia Christiansen. Troglobite. Known only from 4
limestone and sandstone caves in Washington Co. (Christiansen,
1960; Christiansen and Bellinger, 1980). Christiansen (pers.
comm.) also records the collembolans Folsomia Candida Willem.,
Tullbergia iowensis Mills, and Onychiurus pseudofimetarius




Ceuthophilus sp. Trogloxene. Immature cave crickets were on the
ceiling, just inside the cave entrance.
Order Coleoptera
Family Carabidae
Platynus tenuicollis LeConte. Troglophile. Widelydistributed incaves
of the southeastern U. S. and Ozarks.
Family Leiodidae
Ptomaphagus shapardi Sanderson. Troglophile. Found most often in
caves, but also occurs in forest litter in Arkansas and Oklahoma.
Its small eyes and winglessness suggest adaptation fordeep soil
habitats (Peck, 1973).
Family Staphylinidae




Leptocera sp. Troglophile. Common, scavenging flies found in caves
of the southeastern U. S.
Family Mycetophilidae
Macrocera nobilis Johnson. Troglophile. Larvae were observed in
runway-like webs under rock ledges (Peck and Russell, 1976).
Adult fungus gnats were present, but avoided capture.
Family Tipulidae
Undetermined genus. Trogloxene. Observed on ceiling, just inside cave
entrance.
Family Sciaridae
Bradysia sp. Troglophile. Common, scavenging flies in caves throughout
southeastern U.S.
Family Psychodidae
Undetermined genus. Troglophile. Scavenging moth flies of caves
throughout southeastern U.S.
continued exhaustive surveys ofArkansas caves. The relatively small
sandstone cave we surveyed, then, has an average number (Barnett, 1967)
in its fauna. Biospeleologists tend to ignore caves similar toDevils Den.
Recognition ofa significant cavernicolous fauna, includingtroglobites,
froma sandstone cave suggests that additional surveys ofsimilar caves
are necessary.
Terrestrial troglobites probably descended from forest litter-dwelling
ancestors which became genetically isolated in caves in conjunction with
Pleistocene climatic changes (Barr, 1968, 1973). After speciation, various
subterranean avenues have been used for dispersion to other caves.
However, deep, subterranean terrestrial dispersal from the Mississip-
pian age limestone caves ofnorthwestern Arkansas through insoluable
shales and sandstones into the Pennsylvanian age sandstones of the caves
at Devils Den State Park is unlikely.Amore likelyavenue of dispersal
to these caves could have been overland within surficial litter, humus,
and soil. Some troglobites have been suggested as being capable of
using such a dispersal avenue ineastern North America (Peck, 1973,
1978, 1980, 1981; Peck and Lewis, 1977) and inEurope (Juberthie et
al., 1980). Inthe latter case, troglobites were found in deep soils on
topofnon-calcareous bedrock, precluding a subterranean dispersion.
The occurrence of troglobites at DevilsDen State Park supports a sur-
ficial,overland dispersal avenue, rather than the deep, subterranean
dispersal avenue suggested by Barr (1968, 1973).
Time and conditions ofoverland dispersal to Devils Den State Park
cannot be precisely pinpointed, since little is known concerning Ozark
forest litter invertebrates and their distributional and habitat re-
quirements. It is reasonable to conclude that species favoring cool,moist
habitats would have found such habitats to be more prevalent in
Arkansas forests during the fullglacial climatic conditions which oc-
curred most recently during the Wisconsinan glacialperiod from 80,000
to 15,000 years before present (Watts, 1980). Inthe western Ozarks,
King(1973) found the dominant vegetation tobe boreal spruce forest
from at least 20,000 to 13,500 years before present. Such a forest may
have provided conditions suitable foroverland dispersal by troglobites
fromMissouri or Arkansas limestone cave areas through moss and deep
litter into the vicinityof Devils Den State Park. Subsequent isolation
of troglobites at Devils Den State Park represents an example of
climaticallyinduced vicariance distributional pattern. Whether disper-
sal to these caves occurred in earlier glacial epochs or during several
epochs can not be assessed. Additional surveys of the litter invertebrates
near cave entrances and in forest habitats between caves might clarify
components of the overland dispersal hypothesis.
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DISCUSSION
Seventeen species were found to inhabit Devils Den Cave in 1969 and
1979. Congruence of the faunas over the 10 year period suggests that
these organisms are regular inhabitants of the cave and notaccidental
occupants. The fauna consists of 1 trogloxene, 14 troglophiles, and 2
troglobites. The trogloxene and troglophiles are not cave limited, and
do not reveal much about the dynamics of faunal dispersal, cave oc-
cupation, and evolution. However, the troglobites (obligate cavemicoles)are significant in this respect. Arkansas limestone caves are occupied
by an average of 2 troglobitic invertebrates per cave (Barnett, 1970)
based mainly on aquatic species. McDaniel and Gardner (1977)
suggest that the average number is actually higher, but will require
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LEAF PROCESSING INA SLOUGH OF
AN OZARK STREAM





Processing of sugar maple (Acer saccharum), black oak (Quercus velutina), and American sycamore
(Platanus occidentalis) was investigated in a slough of the Illinois River, Benton County, Arkansas,
using 5-gram packs in wire baskets. Oak and sycamore showed similar degradation rates, while maple
was processed much faster. All processing rates were strongly retarded during a period of siltation.
Chironomid larvae were the dominant organisms associated with the packs and their numbers were
depressed by the silt influx.Shredders were notably few innumber as compared with studies from the
northwestern United States.
INTRODUCTION
The importance of allochthonous organic detritus in the form of
terrestrial leaf litter to the energetics ofstream ecosystems and as a food
source for stream macroinvertebrates has been shown in a number of
studies (e.g., Nelson and Scott, 1962; Minshall, 1967; Cummins, 1973;
Anderson and Sedell, 1979). Egglishaw (1964) demonstrated that leaf
litter in streams was a major factor in determining the microdistribu-
tion of benthic insects, and Ross (1963) found that the distribution of
reparian vegetation influences the occurrence ofsome types ofaquatic
organisms.
Rates and mechanisms ofleaf litter processing vary among different
leaf types, and between different types of streams (Cummins, 1974;
Benfield et al., 1977; Short et al., 1980). Most leaf processing studies
have been conducted in lotic systems, particularly in riffles,where cur-
rent velocity influences processing rates (Hodkinson, 1975; Benfield et
al., 1979). However, natural accumulations ofleaf litter occur in greatest
abundance in depositional areas ofstreams, such as slow runs, debris
dams, pools, and backwater areas. One ofthe few published investiga-
tions dealing specifically with leaf processing rates in lentic systems
(Hodkinson, 1975) was conducted in a series of abandoned beaver
ponds. Minshall (1967) and Gelroth and Marzolf (1978) did report data
from pools, but these were only minor concerns of their studies.
Substrate particle size differs widelybetween lentic and lotic situations
and has been shown to significantly influence processing rates (Reice,
1975). Cummins (1973) suggested that leaf processing rates are related
to substrate and food preferences of processing organisms. Cummins
(1974) proposed that a succession of organisms occur during natural
decomposition of leaflitter in streams, in which one group oforganisms
displaces other groups as processing continues. These changes in
processing organisms have usually been expressed in terms of functional
groups (such as shredders, collectors, scrapers, predators, etc.) based
on feeding ecology relationships of the organisms (Hynes, 1970;
Merritt and Cummins, 1978; Cummins and Klug,1979).
This study was designed to determine the rates of breakdown of
maple, oak, and sycamore leaves in a backwater area ofa southwestern
Ozark stream, and to investigate the mechanisms ofleaf processing in
terms of the taxonomic and functional feeding group relationships of
macroinvertebrates through time. We were also incidentally able to in-
vestigate the effects on leaf processing of siltation, which occurred during
the study after a flooding event.
DESCRIPTION OF STUDY AREA
The study area was located on the Illinois River in the SW corner
of Benton Co., Arkansas, about 5 km SSE of Siloam Springs. The
foodplain upstream of the study site is used primarilyfor pastureland
and chicken production operations. The riverhas a nearly continuous
corridor of typicalriparian vegetation. The sample site was a still-water
slough separated from the main channel of the stream byanarrow strip
ofland. Maximum water depth inthe slough was about 2 m, and flow
was usually absent. Substrate consisted ofsilt and gravel covered with
a varying thickness ofdecaying leaf litter. Samples were placed in an
area with a layer of leaf litter covering the bottom, 2m from the bank
where the slough is about 4 m wide. The samples were approximately
50 m from where the slough entered the main channel.
MATERIALS ANDMETHODS
Leaves of sugar maple (Acer saccharum), black oak (Quercus
velutina), and American sycamore (Platanus occidentalis), were
collected from wooded areas near the study site. Since leaves were col-
lected in late January, all were dead and dry. Maple and oak leaves
were collected directly from the tree. Fallen sycamore leaves were
collected by taking only those which were not touching the soil surface
nor matted into moist clumps, showing as little terrestrial pre-
conditioning as possible.
Leaves were left to air dry for about two weeks in a laboratory room
which maintains a relatively high temperature and low humidity.They
were then formed into packs of5 g (+ 0.01 g) each and placed in the
sampling units.
Sampling units were constructed of7 x 7 mm mesh "hardware cloth"
wire and consisted of9cylindrical compartments arranged in a 3-by-3
grid between two squares of hardware cloth serving as the top and
bottom ofeach unit. Each compartment had a diameter of85 mm and
a height of80 mm, and was separated from other compartments by
a 15 mm space. Nine sampling units were used.
The leaf packs were softened byimmersion in warm water for a few
seconds before being placed into the compartments. Three units con-
tained maple leaves in the middle compartment, 3 contained oak, and
3contained sycamore. The other eight compartments of each unit were
filled randomly such that filled units all contained 3 compartments of
each leaf type. Units were randomly placed in the water (witha top
or bottom resting on the substrate) at a uniform depth and distance
from the bank, on 6 March 1980.
A randomly selected unit was removed from the water on Days 2,
7,14, 21, 35, 49, 69, 93, and 116. Before removal, dissolved oxygen
content and temperature of the water at the level of the unit were
recorded, as was water depth over the unit. Then the unit was removed
from the water, and the contents ofeach compartment were immediately
placed in plastic bags.
In the laboratory, samples were washed gently under a stream of water
from a shower nozzle, and organisms were collected in a No. 30 sieve.
Each leaf pack was oven-dried at 50° C for two to three days and
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cooled to ambient temperature and humidity before dry weight (to
nearest 0.01 g) was determined. Organisms were then identified,
enumerated, and preserved in 75% ethanol.
RESULTS
Physical and chemical conditions of the slough during the study are
presented in Table 1. Processing rates were definitely influenced by a
period ofheavy rain which occurred between days 19 and 25. The rain
caused a deposition ofsilt at the study site and large amounts ofsedi-
ment were found inthe sample units from day 35 until the end of the
study. Temperature increased during the study from 8.3° C to 26.5°
Cand may have influenced processing rates. The temperature increase
was rather rapid between days 49 and 69. The Figure illustrates mean
values (three replicates per species of leaf pack) ofleaf pack wight for
each leaf type on each sample date. By Day 2, maple leaves had lost
about 15% of their initial weight, while oak had lost about 8.5%, and
sycamore had lost only7%. At the termination of the study (Day 116),
maple had lost 75%, oak had lost 32%, and sycamore had lost 22%.
Table 1. Dissolved oxygen content (D. O.) and temperature of water
at level of samplers, and depth of water over samplers, on each
sampling date.
Exposure D. 0. Temperature Depth
Tine (days) (ppm) (' C) (cm) Comments
0 6.7 8.3 88
2 6.9 8.4 90
7 6.7 8.9 99
14 7.1 11.4 106
flooding
21 6.9 10.6 120
siltation
35 7.0 12.0 106
49 7.4 13.2 101
69 6.6 20.1 109 fungus growth
93 5.8 26.5 102
116 6.0 25.4 100
Heavy fungal growths were observed on the leaf packs on the last
three sampling dates. Fungi were especially abundant on day 69 and
resulted inweightgains for all three leaf types between days 49 and 69.
Inorder to assess possible effects on the degradation process of the
silt influx(Day 21) and the later temperature increase and fungalgrowth
(Day 69) events, separate linear regressions were calculated for each
leaf type using only the data for Days 2 through 21 and only the data
for Days 69 through 116. Inall cases except one (i.e., maple, Days
69-116, which dropped from an r-value of.95 to .92),correlation coef-
ficients for the subsets indicated higher significance than those for regres-
sions of the entire data sets. The Figure shows plots of the regressions
for each leaf type from those subsets. The line segments from Day 21
to Day 69 were simply drawn in byhand to connect the regression lines
from the earlier and later data subsets, and represent a period of
readjustment following the siltation event. Table 2 shows the slopes
of each line segment for each leaf type and k-values for the pre- and
post-siltation periods. The k-value is the leaf pack loss rate coefficient
from an exponential decay model. Incomputing k,conformance to an
exponential model was assumed, and only the initial and final weights
of the leaf material over the given time period were used, following
the method outlined in Cummins (1974). Itcan be seen that oak and
sycamore had similar degradation rates, withoak showing a slightly
higher loss rate in the post-siltation period. Maple was processed much
faster than either oak or sycamore. Also, procesing was strongly retarded
for all leaf types during the Day 21-69 period, during which sycamore
actually showed a slight weight gain.
A total of2,265 individuals of27 different taxa was collected from
81 leaf packs examined during the study. Table 3 shows the relative
Table 2. Processing rates of three leaf species inan Illinois River slough,
Arkansas before, during, and after a flood which introduced silt. S =
slope oflines, k = calculated leaf pack loss rate coefficient from ex-
ponential decay model.
Days 2-21 Days 21-69 Days 69-116
(Silt Period)
S k S S J
Acer saccharum -.048 .0185 -.013 -.030 .0163
Quercus velutina -.014 .0071 -.005 -.011 .0038
Platanus occidental is -.014 .0067 +.003 -.015 .0034
Table 3. Relative abundance ofinvertebrates collected fromleaf packs
in an Illinois River slough.
Chironomidae 77.7% Siphlonurus sp. 0.22%
Gaimarus minus 9.6% Ephemera sp. 0.22%
Ephemeroptera 3.6% Anisoptera 0.22%
Leptophlebia sp. 2.4% Stenelmis sp. 0.22%
Zygoptera 1.9% Chaoborus sp. 0.17%
Hirudinia 1.8% Cladocera 0.13%
Ferrissia rivularia 1.3% Oligochaeta 0.088X
Copepods (cyclopoid) 1.1% Lirceus sp. 0.088%
Coleoptera (larvae Coenagrion sp. C.088X
and adults) 0.66% Chauliodes sp. 0.088%
Orconectes neglectus 0.52% Pyralidae (pupae) 0.088%
Hexagenia sp. 0.39% Podura sp. 0.044%
Baetidae 0.35% Heptagenia sp. 0.044X
Megaloptera 0.35% Enallagma sp. 0.044%
Physa sp. 0.35% Pycnopsyche sp. 0.044%
Dryopidae 0.30% Helodidae 0.044%
Sialis sp. 0.26% Dubiraphia sp. 0.044%
EXPOSURE (DAYS)
Figure. Leaf pack weight loss and associated number oforganisms in
a slough of the Illinois River, Benton County, Arkansas.
*
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abundance of the taxa. Midge (Diptera: Chironomidae) larvae (and
pupae) were the dominant organisms, comprising 77.7% of the total
collection. The overall pattern ofoccurrence ofleaf pack invertebrates
(Figure) was primarily a function of the pattern shown by the midge
larvae. Otherwise, no significant temporal patterns of occurrence in
processing organisms were observed. There was also an absence of any
significant preference among leaf types, except for a slight tendency
toward earlier colonization of maple packs.
DISCUSSION
Results of this study indicate that leaf processing rates in a slough
of a stream are not substantially different from processing rates
determined in riffle areas ofstreams. Sugar maple, according to this
study, should be placed inthe fast processing category, whileblack oak
and sycamore are in the slow to medium groups (see Peterson and
Cummins, 1974; Benfield et al., 1979; Anderson and Sedell, 1979, and
references therein). We observed three rather distinct sets ofprocess-
ingconditions during the course of this study: the pre-siltation period,
the siltation event which initiated the heavy growth of fungus, and the
period of readjustment which followed. The silt cover apparently delayed
the leaf processing, as indicated by the weightgain of the packs which
followed. However, the weight gain was primarily due to the in-
creased biomass contributed by fungalhyphae. The fungiwere probably
processing the leaf material in the sense that the leaves were being
changed biochemically from refractile substances to more labile ones
withrespect toutilization byinvertebrates. The period ofsiltation pre-
conditioned the leaves for utilization by invertebrates. During floods
such pre-conditioned leaves must be redistributed in streams and pro-
vide high quality nutrients to rifflebenthic communities.
There was no discernible evidence ofleaf species preferences among
the invertebrates. Similarly there was no obvious succession of in-
vertebrate functional groups (i.e., shredders, collectors predators)
through time on the leaf packs. The earlier colonization of maple leaves
was probably due to earlier availabilityofmore labile compounds com-
pared to the higher refractile biocontent of the oak and sycamore leaves.
A conspicuous absence of large shredders was noted. The crayfish,
Orconecles nana and O. neglectus were abundant at the study site and
may act as shredders. Larger crayfish would have been denied access
to our leaf packs by the wire mesh. Also, smaller crayfish may not have
been collected byour methods ifthey had used the packs, as they are
primarily nocturanl feeders and leaf packs were removed for analysis
during daylight. It is possible that shredders are just not an important
component of the processing invertebrate community at this study site.
Knowledge of the taxonomy, ecology, and behavior of benthic
macroinvertebrates in general is insufficient at this time to allow
accurate determination of most larvae to species or to adequately
designate their functional (trophic) categories. This is especially true
forchironomids which were the most important organisms in this study.
Studies byKaushik and Hynes (1968) and Matthews and Kowalczewski
(1969) stressed the importance of microbial populations and con-
cluded that microorganisms were more important in leaf breakdown
than benthic macroinvertebrates. The hierarchical model of lotic
ecosystems (Mclntyre and Colby, 1978) advanced an hypothesis that
ifmacroconsumers are removed from a stream section, microbial ac-
tivity will act to process most allochthonous inputs. It appears that
stream ecosystems may tend to maximize the efficiency of energy ex-
traction from organic materials regardless of the composition of the
benthic macroinvertebrate community structure.
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ABSTRACT
Arkansas has an amazing diversity of plants and animals contained within its political boundaries.
Forty-seven taxa are reported as Arkansas endemics, including seven plants, thirteen crustaceans (two
amphipods, three isopods, eight crayfishes), nine insects (one mayfly, one caddisfly, three stoneflies,
four beetles), ten snails, six fishes, and two salamanders.
INTRODUCTION
Arkansas has been richly blessed withan amazing diversity ofplant
and animal life. Primarily responsible for this rich diversity are the varied
physiography and topography within the state, a sufficiently long
geological history of favorable climates and habitats, and the fact that
Arkansas was not affected greatly by Pleistocene glaciation.
Contained within the diversity of Arkansas' biological forms is an
element identifiable as the "endemic" portion
—
those life forms con-
fined to a particular geographic region or area. For example, the
Interior Highlands region has long been recognized as an area of
endemism for both plants and animals. Possibly 100-150 species may
be endemic to this region of the Central United States. For practical
purposes, the politicalboundaries of Arkansas have been delineated
as the "endemic area" to be considered. A first effort at providing a
list of state endemic forms was given by the Arkansas Department of
Planning (1974) listingnine endemic species (four plants, four fishes,
and one salamander). In this paper we list 47 taxa as endemic to
Arkansas, including seven plants, 13 crustaceans (two amphipods, three
isopods, eight crayfishes), nine insects (one mayfly, one caddisfly, three
stoneflies, four beetles), 10 snails, six fishes, and two salamanders. Such
endemic forms play a vitalrole in our state's natural heritage as they
represent those biologicalentities whose entire populations have been
fortuitously delineated withinour state's politicalboundaries. This paper
is presented to: 1)serve as a first compilation ofall of those fauna and
flora deemed endemic to Arkansas, 2) provide literature references to
the original descriptions ofsuch biota, 3) indicate geographic distribu-
tions of each form within the state, and 4) report general habitat
occupied.
It is hoped that exposure of these life forms as state endemics may
have a positive effect in stimulating future research on them as we
presently know little about these state treasures, and concomitantly,
tomake persons aware of the special importance these organisms have
as part of our state's natural heritage.
This list of endemic species is certain to change in years to come as
several species are known from areas near state boundaries. Further,
as intensive collecting continues this list willgradually increase. Final-
ly,various undescribed species inhabitingArkansas may eventually prove
to be endemic to the state.
Because of their special intrinsic value to Arkansas, protection of
all forms endemic to the state should be urged at the earliest opportunity.
ANNOTATED LIST OF ARKANSAS'
ENDEMIC FLORA ANDFAUNA
The following annotated list is provided with the names ofthe endemic
forms, type localities, date oforiginal collection, collector, and museum
number ofholotype, when known, as well as distribution and habitat.
To save space the original literature reference for each taxon is given
and combined with the name of the describer. The complete citation
is provided in the "Literature Cited" section of the paper.
I. PLANTS
Class Angiospermae - Flowering Plants
Order Campanulales
Family Asteraceae - Sunflower Family
1. Helenium campestre Small (1903). Asneezeweed. The type
locality is in low ground near Little Rock, Pulaski County.
Ithas been found in prairies and roadsides in several central
and eastern counties (Smith, 1978).
Order Fagales
Family Fagaceae - Beech Family
2. Quercus shumurclii Buckl. var. acerifolia Palmer (1927).
Maple-leaved Oak. Known only from the type locality along
rocky bluffs where it grows as an arborescent shrub on the
north side of Magazine Mountain, Logan County (Palmer,
1942).
Order Graminales
Family Cyperaceae - Sedge Family
3. Carex bicknellii var. opaca F. J. Hermann (1972). The type
locality is Prairie County; river terraces (never plowed), rice
region. The type specimen was collected on 10 May 1969 by
Delzie Demaree (60141) and deposited in the United States
National Museum. Itis found in unplowed river terraces and
low wet areas in Prairie and Lonoke counties.
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Order Ranales Mountain Station, Polk County. The type specimens were
collected by L. Hubricht on 26 April 1936. To date S.
montanus is known only from springs on Rich Mountain.
Family Ranunculaceae
- Crowfoot Family
4. Delphinium newtonianum D. M. Moore (1939). Moore's
Delphinium. Moore's delphinium was originally discovered
2 mi. S. Jasper, Newton County on 4 July 1935 by D. M.
Moore (350074). The type specimen is deposited in the
Missouri Botanical Garden. This species is restricted to the
Boston Mountains in Johnson, Newton, Pope, and Searcy
counties (Smith, 1978). Itis usually found in lightto heavy
shade of the upland hardwood forest on moist, loamy clay
with limestone influence (Moore, 1939). This is the only
Delphinium inNorth America which has an inflorescence of
cymose racemes.
Order Isopoda - Isopods
Family Asellidae
3. Lirceus bicuspldalus Hubrichl and Mackin (1949). The type
localityis a spring on a small stream behind the college chapel,
Clarksville, Johnson County. It is found in small seeps,
springs, streams, and cave streams in the Ouachila and O/.ark
mountains in Conway, Jackson, Johnson, Logan, Newton,
Pope, Pulaski, Saline, Searcy, and Yell counties.
4. Lirceus bidentatus Hubricht and Mackin (1949). This isopod
is known only from the type locality, a seep in the Boston
Mountains, 9 mi. SW of Harrison, Boone County.Order Rosales
Family Saxifragaceae
- Saxifrage Family 5. Caecidotea holtl (Fleming). Fleming (1972). This aquatic
isopod is known only from the type locality,a small stream,
1.8 mi. E. of Casa, Perry County. The hololype (USNM
79308) was collected on 4 May 1940 by L. Hubrichl.
5. Heuchera villosa Michx. var. arkansana (Rydberg). E. B.
Smith. Smith (1978). Arkansas alumroot. The original type
locality is shady cliffsnear Springdale, Benton County. The
holotype was collected on 16 August 1895 by J. W.
Blankenship and is deposited in the New York Botanical
Garden. It occurs in Benton, Faulkner, Newton, and
Washington counties (Smith, 1978) and is confined to ledges
of calcareous or sandy rock along upland streams and rivers,
usually inthe shade ofmixed hardwoods. Arkansas alumroot
is considered by some taxonomists as a full species (Small
and Rydberg, 1905; Rosendahl et al., 1936); however, Smith
(1977) considered it only a variety of H. villosa, a plant
common in the western United States.
Order Decapoda - Crayfishes and Shrimps
Family Cambaridae
6. Bouchardina robisoni Hobbs (1977). This monotypic species
has its type locality inLafayette County in a borrow ditch
along Sunray Road, 4mi. (6.4 km)N.of Lewisville, off State
Route 29 (Sec. 14, R24W, T15S). It is known from Bayou
Bodcaw (Red River Basin) in Lafayette County and other
areas of Hempstead, Nevada, and Columbia counties.
7. Cambarus causeyi Reimer (1966). The type locality is a spring
and natural pond 4 mi. W. of Sandgap on State Route 124
in Pope County. The holotype is USNM 116678. It inhabits
complex burrows on a hillside and near the spring and pond
at the type locality.
Order Rubiales
Family Valerianaceae - Valerian Family
6. Valerianella palmeri Dyal (1938). A corn salad. The type
locality is inMagnet Cove, Hot Spring County. It was col-
lected on 19 April 1926 by E. J. Palmer (29726) and is
deposited at the Missouri Botanical Garden. Itis endemic
to the Ouachita Mountains in Hot Spring, Howard, and
Garland counties (Smith, 1978). The habitat is usually rocky
ledges and banks in open woods.
8. Cambarus zophonasles Hobbs and Bedinger (1964). This
troglobite is known only from the type locality, Hell Creek
Cave, Stone County (Sec. 30, R10W, T15N). The holotype
is USNM 108356.
9. Fallicambarus jeanae Hobbs (1973). This burrowing form
is known only from Hot Spring County in the area of the
type locality,a seepage area, 1 .8mi. E. ofClark County line
on State Route 84, Hot Spring County. The holotype was
collected by H. H. Hobbs, G. Hobbs, and J. E. Pugh. It
inhabits complex burrows with two or three openings to the
surface in sandy clay with shallow pockets rich in organic
material and some gravel. Grasses, sedges, and strands of





7. Phlox bifida Beck subsp. arkansana Marsh (1960). A sand
phlox. The type locality is north of Withrow Spring (5 mi.
N. of Huntsville) in Madison County. It was collected on
31 March 1957 by D. Marsh (318) and is deposited at the
Univ. of Kansas. It is found in a variety of habitats in
Benton, Madison, and Stone counties including roadsides,
cedar glades, gravel banks near streams, bluffs, and crevices
of rock overhangs.
10. Fallicambarus spectrum Hobbs (1973) The type locality is a
roadside ditch 2 mi. E. of Daisy on U.S. Highway 70, Pike
County. The habitat is complex burrows inroadside ditches
with grasses, sedges, Pinus, and Cornus florida nearby. It
is known only from Pike County.
11. Fallicambarus strawni (Reimer). Reimer (1 966). The holotype
(USNM 116675) was collected by R. D.Reimer from a small
marshy area in the Saline River drainage, 2.7 mi. N. of
Dierks, Howard County. He reported it from both simple
and complex burrows in sandy clay soil. Hobbs (1973) later
collected specimens from seepage areas. Records exist from
Sevier, Howard, and Pike counties.
II ANIMALS
Class Crustacea - Crustaceans
Order Amphipoda - Amphipods
Family Crangonyctidae 12. Procambarus reimeri Hobbs (1979). The type specimen
(USNM 148880) was collected by H.H. Hobbs, G. B.Hobbs,
and J. E. Pugh on 18 April1973, from a roadside ditch about
5 mi. NE of Mena, on an unnumbered road to Irons Fork
River, Polk County. Allspecimens have been taken from
comparatively simple burrows, Vi to 1m deep in sandy clay
soil. Most specimens are from roadside ditches and/or nearby
burrows of the Ouachita River Basin inPolk County.
1. Stygobromus elalus (Holsinger). Holsinger (1967). Leslie
Hubricht collected the type specimens from a seep, 0.2 mi.
E. of the lodge, Magazine Mountain, Logan County and the
species is known only from this location.
2. Stygobromus montanus (Holsinger). Holsinger (1967). The
type locality is unidentified springs, on Rich Mountain, Rich
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13. Procambarus liberorum Fitzpatrick (1978). The holotype is
a first form male cataloged as USNM 148353 and the species








14. Dannella provonshai McCafferty (1977). The holotype was
collected on2 June 1974 by W. P. McCafferty, L.Dersch,
and A.V. Provonsha and records exist only from the type





Family Psychomyiidae - Trumpet-net and Tube-making Caddisflies
15. Paduniella nearctica Flint (1967). The holotype (USNM
69209) was collected on 30 May 1966 by R. W. Hodges from
Devil's Den State Park, Washington County. Records exist
only fromupper Lee Creek (Devil's DenState Park) and Cove
Creek (southern Washington County),both clear, spring-fed,
high-gradient, gravel-bottomed streams. P. nearctica was the




Family Capniidae - Winter Stoneflies
16. Allocapnia jeanae Ross (1964). The holotype was taken on
14 February 1961 byH.H.Ross from the West Fork ofWhite
River at Winslow, Washington County. The species is known
only from rapid, cool, gravellyor rocky, and probably spring-
fed creeks of the northwestern portion of the Ozark uplift
(Ross and Ricker, 1971).
17. Allocapnia ozarkana Ross (1964). Type specimens were col-
lected on 26 January 1962 by L. O. Warren from Cannon
Creek, Madison County. Little is known concerning the
habitat of this winter stonefly (Ross and Ricker, 1971) as it
has been collected only at the type locality.
18. Allocapnia warreni Ross and Yamamoto (1966). Known only
from a single male holotype collected along Clear Creek,







19. Rhadine ozarkensis Sanderson and Miller (1941). The
holotype of this beetle, known only from the type locality,
is in M. W. Sanderson's collection and was collected by
Sanderson and A.Miller on20 January 1940 from Fincher's
Cave, Washington County (Sanderson and Miller, 1941).
Family Dytiscidae - Predaceous Diving Beetles
20. Hoperius planatus Fall (1927). Known only from a single male
taken at a lightinHope, Hempstead County on 11June 1926
by L. Knobel.
Family Pselaphidae - Short-winged Mold Beetles
21. Arianops sandersoni Barr (1974). The Illinois Natural History
Survey holds the type specimen collected on 16 July 1949 by
M. W. Sanderson from Magazine Mountain, Logan Coun-
ty. The species is known only from the type locality and
inhabits damp debris at the base ofa bluff. This is the only
species ofArianops west of the Mississippi River (Barr, 1974).
Family Staphylinidae - Rove Beetles
22. Rimulincola divalis Sanderson (1946). Known onlyfrom the
type locality, Winslow, Devil's Den State Park, Washington
County where it occurs inleaf litter in the bottom ofdeep
rock crevices in caves (Arnett, 1971). The Illinois Natural
History Survey holds the type specimen collected on 30 March
1941 by M. W. Sanderson.
Class Gastropoda - Snails
Order Mesogastropoda - Aquatic Snails
Family Hydrobiidae
23. Amnicola cora Hubricht (1979). Known onlyfrom the type
locality, Foshee Cave 3 mi. W. of Locust Grove, In-
dependence County. The holotype (FMNH 193762) was
collected by N.and J. Youngsteadt and L.Hubricht.
24. Pyrgulopsis ozarkensis Hinkley (1916). Known only from the
type locality,North Fork of the White River, 2-3 mi. above
Norfolk,Baxter County; however, itmay occur also inthe
White River in Missouri (M. Gordon, pers. comm.). The
holotype (USNM 271765) was found in shallow water on
bedrock on 14 August 1914.
25. Somatogyrus amnicoloides Walker (1915). Known only from
the type locality,Ouachita River at Arkadelphia, Clark Coun-
ty,and collected by H.E. Wheeler. The type specimens (No.
40012) are retained by B. Walker. It is about the size and
shape ofAmnicola as suggested by the specific name (Walker,
1915).
26. Somatogyrus crassilabris Walker (1915). Type specimens (No.
38823, in the collection of B. Walker) were collected by A.
A.Hinkley from Baxter County, NorthFork ofWhite River
near Norfolk. Ithas been taken only from rocks on muddy
banks of the North Fork.
27. Somatogyrus wheeled Walker (1915). Known only from the
type locality:Ouachita River at Arkadelphia, Clark Coun-
ty.Type specimens werecollected byH. E. Wheeler but are
in the collection of B. Walker (No. 33900).
Order Stylommatophora - Terrestrial Snails
Family Polygyridae
28. Mesodon clenchi (Rehder) (1932). The type locality is a White
River bluff, 1 mi.below Calico Rock, Izard County. Known
from Izard and Yell counties (Hubricht, 1972) where ithas
been found under ledges and around the edges of a rock slide
(Hubricht, 1966).
29. Mesodon magazinensis Pilsbry and Ferris, 1906). Magazine
Mountain Middle-toothed Land Snail. The holotype (ANSP
91314) was taken in a talus of large rocks under the cliffon
the north side of the summit plateau, elevation about 2800
feet, Magazine Mountain, Logan County, on 28-30 March
1903 by H. A. Pilsbry and J. H. Ferris. The only other
specimen was found dead on the south side of the moun-
tain, near where the road ascends the cliff (Pilsbry and
Ferris, 1906).
30. Stenotrema unciferum (Pilsbry). The only data available
indicate restriction ofthis snail toHot Spring, Montgomery,
Pike, Polk, and Scott counties (Hubricht, 1972).
31. Polygyra peregrina Rehder. The onlydata available suggest
this species inhabits rock bluffs in Izard, Marion, Newton,
Searcy, and Stone counties (Hubricht, 1972).
Family Zonitidae
32. Paravitrea (Vitrea) aulacogyra (Pilsbry and Ferris, 1906). The
holotype (ANSP 91334) was found in a talus on the north
side of the summit of Magazine Mountain, Logan County
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at about 2800 feet by H.A.Pilsbry. To date it has been col-








33. Noturus lachneri Taylor (1969). Ouachita madtom. The
holotype (USNM 201592) was taken on 27 May 1967 by Leslie
and B.Knapp from the Middle Fork of the Saline River at
Arkansas Highway 7 Crossing, 11.2 mi. N. of Mountain
Valley.It is known from only the headwaters of the Saline
River system and one location inthe Ouachita River system
(both systems in the Ouachita RiverBasin) inGarland, Saline,
and Hot Spring counties and inhabits rather quiet, backwater
areas with substrates ranging from cobblestone-sized rocks
to small gravel to softer substrates inbasically high-gradient,
clear, gravel-bottomed streams.
34. Noturus taylori Douglas (1971). Caddo madtom. The
holotype was collected on 5 March 1971 by N. H.Douglas,
S. W. Fruge, D.Head, and J. Lindley from the South Fork
of the Caddo River, 1.6 km SE of Hopper and 0.8 km S.
of Arkansas Highway 240, Montgomery County. Ithas been
found inthe Caddo River system (itscenter ofdistribution),
south in the Little Missouri River, and north in the upper
Ouachita River including the South Fork of the Ouachita
River in Montgomery, Pike, Polk, and Clark counties.
Douglas (1972) described the habitat as clear, shallow water
flowingover small rocks or gravel which produce shoals near
the shoreline. Robison and Harris (1978) found N. taylori
in shallow, gravel-bottomed pools in regions of moderate
current. N. taylori seems to prefer moderate-sized streams
(10-40 feet width).
38. Etheostoma whippleimontanus Hubbs and Black (1941).
Mountain Redfin Darter. The holotype (UMMZ127777) was
collected on 17 June 1939 by J. D.Black and J. Yerton from
Blue Hole Creek, a tributary of Clear Creek, 1 mi. S. of
Winslow, Washington County. This percid is confined to
Clear Creek (also called Frog Bayou), Arkansas River
drainage, in Washington and Crawford counties where it is
relatively abundant in upper, headwater reaches (Hubbs and
Black, 1941). These environs are spring-fed, high-gradient,
and shallow with small gravel to cobblestone-sized substrates.
Class Amphibia - Amphibians
Order Caudata - Salamanders
Family Plethodontidae - Lungless Salamanders
39. Plethodon caddoensis Pope and Pope (1951). Caddo
Mountain Salamander. The holotype (CNHM 61959) was
collected by S. H.Pope from Polk Creek Mountain (Caddo
Mountains) at an elevation of 1200 feet. It is known from
the Novaculite Upliftarea in Howard, Montgomery, and
Polk counties (Blair and Lindsay, 1965; pers. records) and
is limited to mixed pine-oak forest on slopes withexposed
rocky talus projecting through the soil (Pope and Pope, 1951).
40. Plethodon fourchensis Duncan and Highton (1979).
Fourche Mountain Salamander. The holotype (USNM
204835) was taken from 1.5 km W., 0.3 km S. of the top
of Wolf Pinnacle Mountain, Polk County on 9 October 1976
by R. Beatson, S. B. Hedges, R. Highton, and D. M.
Rosenberg. P. fourchensis is known only from Fourche
Mountain and Irons Fork Mountain, Polk and Scott coun-
ties (Duncan and Highton, 1979) where itoccurs in mixed
pine-oak forest under talus and decaying logs.
Order Perciformes - Perches
Family Percidae
35. Etheostoma moorei Raney and Suttkus (1964). Yellowcheek
darter. The holotype (USNM 188357) was collected on 26
April1962 by L.W. Knapp and R. V. Millerfrom the Devil's
Fork of the Little Red River, at a county road crossing 2.5
mi. SW of Woodrow and 6 airline mi. W. of Drasco,
Cleburne County. E. moorei is known from the MiddleFork,
South Fork, Archey Fork, and Devil's Fork of the Little Red
River system above Greer's Ferry Lake where itprefers the
faster section of riffles over gravel, rubble, and boulder-
strewn bottoms in water depths of a foot or more (Raney
and Suttkus, 1964).
36. Etheostoma pallididorsum Distler and Metcalf (1962).
Paleback darter. The holotype was collected on 28 June 1961
by D.A.Distler and A.L. Metcalf from the Caddo River,
13.7 km (8.5 mi.) W. ofBlack Springs (Sec. 25, T3S, R27W),
Montgomery County. The species is endemic to the upper
Caddo River and upper Ouachita River system inMontgom-
ery and Garland counties, where it inhabits tributary streams
or small (4-12 ft. wide)portions of the upper Caddo River.
It prefers slackwater habitats available along the edges of
clear, spring-fed gravel-bottomed streams. Insmaller rivulets
itis found over soft-bottomed substrates ofleaf litter, twigs
and decaying detritus.
37. Etheostoma spectabile fragiDistler (1968). Strawberry River
Darter. The holotype (KU 7481) was collected on 10 April
1963 by D.A. Distler and J. F.Downhower from Spring
Creek, a tributary ofBigCreek (Sec. 36, T16N, R5W), Sharp
County. Distler (1968) reported it limited to the Strawberry
River and its upland tributaries in northeastern Arkansas
where it inhabits spring-fed, high-gradient, gravel-bottomed
streams of the Strawberry River system.
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ABSTRACT
A ground water reconnaissance of Crawford, Franklin, and Sebastian counties was performed utilizing
122 wells having drillers' logs from bedrock aquifers. North of the Arkansas River, essentially all bedrock
wells produce from the Atoka Formation. There are many low producing aquifers within the Atoka with
a range in yield of0.1 to 55 gpm, but having a median yieldof only 2 gpm. Well depths range from 18
to 248 feet with a median of 122 feet. More water is generally obtained from the shale/siltstone aquifers
than the sandstones due to more bedding-plane partings and more closely spaced fractures. Greater
yields are also found in valleys. South of the Arkansas River, three additional bedrock aquifers are
utilized. The aquifers and median yieldare as follows: (1) Savannah Sandstone (11.7 gpm), (2) Hartshorne
Sandstone (10 gpm), and (3) McAlester Shale (5.2 gpm). Well depths range from 40 to 300 feet.
Seventeen wells inthe Atoka were sampled and analyzed. The median iron concentration was 0.15,
but four wells had over the 0.3 ppm health limit. Sulfate values ranged from31 to 125 ppm with a median
of 45 ppm. Chloride concentrations ranged from 16 to58 ppm with amedian of33 ppm. These relatively
highvalues commonly give the water a bitter and strigent taste with some H3S odor. The source of these
ions may be from pyrite weathering or to contamination from the many gas fields in the area.
INTRODUCTION
Ground water is an important resource in Crawford, Franklin and
Sebastian counties, Arkansas, and is utilized extensively by rural
residents, smaller communities, and the agricultural and other industries
of the area. The Fort Smith-Van Buren urban area of west-central
Arkansas is the second most densely populated regton of thestate. Water
supplies available foruse in this area are proving to be severely inade-
quate, especially during drier seasons, and appear to worsen yearly. The
problem lies basically inthe fact that the entire area, rural and municipal,
has experienced a sharp rise inpopulation and industrial growth without
increasing capacities to deliver more water to the area. Lakes Fort Smith
and Shepard Springs presently account for the total of the area's storage
and supply, as they have for many years. The extension of water mains
to the surrounding rural areas has taxed the existing system further.
The construction ofnew surface impoundment areas has been delayed
by opposing interests in the prospective areas. Itis obvious that in the
near future this area willexperience serious shortages which may result
in rationing or other extremes.
Todate, previous hydrogeologic investigations of this area have been
on a regional scale encompassing the Arkansas Valley between Fort
Smith and Little Rock. Bedinger et al. (1963) have examined the ground
water conditions of the alluvium of the Arkansas River and have pro-
vided only general information on the occurrence, availability and
chemical quality of ground water in the alluvium. Areconnaissance
survey byCordova (1963) uses sparse data to study the ground water
resources of the alluvial and bedrock aquifers of fifteen counties in the
Arkansas Valley.
This investigation is intended to serve as a preliminary to more in
depth hydrogeologic studies to determine ifthe study area's ground water
supplies are a feasible alternative to buildinganother lake. Itprovides
the first detailed study of the ground water resources in the important
bedrock aquifers in the area, furnishes statistical relationships between
several parameters of these aquifers, reviews well drillers' estimates of
well yields, and focus' on the ground-water quality north and south
of the Arkansas River.
Location and Geology
Crawford, Franklin, and Sebastian counties lie within the extreme
west-central portion of the InteriorHighlands physiographic province
ofArkansas and is within the Arkansas Valley and southern Boston
Mountains regions (Figure 1). Structurally, the area lies on the southern
flank of the Ozark Dome to the north and the Arkoma Basin to the
south. The northern portion of the study area is underlain by nearly
horizontal Pennsylvanian aged sandstones, siltstones, and shales.
East-west trending normal faults and vertical jointingare the major
structures present. The Arkansas Valley area to the south is underlain
by Pennsylvanian aged sandstones, siltstones and shale with terrace and
floodplain deposits of Quaternary age along the Arkansas River.
Extensive folding, faults and jointingwith major structural axes oriented
nearly east-west are present here. The location and extent ofeach rock
unit, as well as the Arkansas Valley stratigraphy are shown on the
"Geologic Map ofArkansas" (Haley, 1976).
Investigative Methods
Records of water wells were obtained from the Arkansas Geologic
Commission for the counties studied. One hundred twenty-two wells
were accurately plotted on topographic maps with the aid of county
platt books and rural directors. From the gross lithologiclog reported
on each record and detailed geologic maps of the area, it was possible
to determine the aquifer(s) that supplied water to each well. The
60
Journal of the Arkansas Academy of Science, Vol. 36 [1982], Art. 1
https://scholarworks.uark.edu/jaas/vol36/iss1/1
, Arkansas Academy of Science Proceedings, Vol. XXXVI,1982 59
Figure 1. Location of Crawford, Franklin, and Sebastian counties in
Arkansas.
Figure 2. Location of wells and springs sampled in Crawford and
Sebastian counties.
alternating nature of the Atoka Formation did not significantly hamper
determination of the studied aquifer since the productive unit was
easily distinguished from the aforementioned lithologic logs. Other
important information provided byeach wellrecord was: (1) the static
water levelof the well, (2) the driller's estimate of yield(gpm), (3) the
depth to water and (4) the depth to bedrock. Surveying the driller's
records aids inevaluating the productive nature ofa particular aquifer
prior to"inthe field"testing via pumping tests. Nopumping tests were
performed however, so conclusions on aquifer potential are highly
speculative as transmissivity and specific capacity values are notavailable
from this investigation.
The Spearman-Rank Correlation Coefficient test (Seigel, 1956) was
then used to make preliminary tests among the following parameters
(withcomputer print out abreviations in parenthesis): (1) the depth of
the well (Depth), (2) the static water level of the well or elevation of
the water above sea level (PS), (3) the regolith thickness above the
bedrock (REG), (4) estimated well yield in gpm (Q), (5) the depth to
water (WTD), and (6) the depth to the producing horizon (DPH).
Water samples were collected in the spring of 1980 from nineteen
wells and two springs in the area and tested for their content ofsulfate,
irons, nitrate and chloride (Figure 2). The samples were processed
according to standard Hach procedures (1981).
RESULTS
Four bedrock aquifers were found to be used in the study area. North
of the Arkansas River, essentially all bedrock wells produce from the
Atoka Formation. The Atoka Formation was found to contain several
water bearing horizons utilized most extensively in Crawford County
to meet various water needs (only three wells were located in the Atoka
inFranklin County). The Atoka Formation consists ofalternating beds
of sandstone, siltstone, and shale, and reaches a maximum surface
thickness of9,400 feet inPerry County. Since these units alternate with
each other, there are many water producing horizons withinthe Atoka.
A single well usually willpenetrate more than one producing horizon
to meet the necessary production. Atotal of58 wells were investigated
which were found to be under unconfined conditions. Of the 58 wells,
41 were found to be producing from shales or siltstones and 17 were
found tobe producing from the interbedded sandstones. The hydrologic
interaction of the shales and siltstones can only be speculated upon,
but, inmany wells, several horizons oflow yield had to be intersected
to produce sufficient quantities of water.
Depths for drilled wells in the Atoka aquifer range from 18 to 248
feet and have a median depth of 122.5 feet (Table 1). The greater depths
represent those wells that had been drilled through the horizons oflow
productivity. The range in yield for this aquifer is 0.1 to 55 gpm, but
having a median productivity ofonly 2.25 gpm (Table 1).
Table 1. Ranges and medians of depth and yield of the wells studied
in Franklin and Crawford counties.
FRANKLIN COUNTY
Aouifer —Depth (Ft.) YiFin (bpm)
Range Median Ban££ Median
Savannah 44-250 134 1,5-33 11.7
HcAlester 40-220 122 0.5-13 5,2
Hartshorne 50-300 83 3.3-33,7 10
Atoka 66-148 73 2.0-16.7 16.7
CRAWFORD
Atoka 18-248 122 0,1-55 2.3
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Reconnaissance of the Bedrock Aquifers and Groundwater Chemistry
South of the Arkansas River three additional bedrock aquifers are
utilized. The aquifers are all of Pennsylvanian age. The more shallow
aquifer is the Savannah Sandstone. Measured sections indicate
thicknesses ranging from 1,140 to 1,610 feet. The Savannah consists
mainly of shale and sandstone with six coal beds and one lenticular bed
oflimestone (Cordova, 1963). The range inyieldfor the 17 wells located
in this unit is from 1.5 to 33.3 gpm; the median productivity is 11.7
gpm. Depths for these wells range from 44 to 250 feet (Table 1). This
aquifer may act as a confined or as an unconfined aquifer, depending
on the occurrence ofa confining shale unit above a saturated sandstone.
The McAlester Shale underlies the Savannah Sandstone, and in the
study area its range in thickness is from about 500 to about 1,820 feet.
The McAlester mainly consists of dark, grittyshale and minor sand-
stone, siltstone and coal. Individual sandstone beds are generally less
than 50 feet thick and lenticular (Cordova, 1963). Eleven of the wells
plotted are located in the McAlester Shale. These wells showed a range
in yield from 0.5 to 13.3 gpm and represent the least productive wells
with a median value for yield of only 5.2 gpm. Well depths for this
aquifer zone range from 40 to 220 feet witha median depth of 122 feet
(Table 1). The Atoka Formation underlies the McAlester Shale.
The third bedrock aquifer found to be utilized inFranklin County
is the Harshorne Sandstone. Thickness range from about 10 to about
300 feet in the study area. The Hartshorne is mostly thick bedded sand-
stone, but shales may attain significant thickness locally.This aquifer
was found to be used by twenty ofthe located wells. The range in yield
is from 3.3 to 33.7 gpm, with a median value of 10 gpm. The range
in depth is from 50 to 300 feet, and the median is 83 feet (Table 1).
Ground-water samples from nineteen wells and two springs were
retrieved and analyzed for chemical content ofsulfate (SO,,) iron (Fe),
chloride (Cl),and nitrate (NOj).The Environmental Protection Agency
has established limits on these chemical constituents for drinking
purposes (1976). These are, respectively, (measured in parts per million)
250 ppm, 0.3 ppm, 250 ppm, and 45 ppm. Analysis results are shown
in Table 2 as are the range, median, and mean of each parameter.
Most samples tested on these parameters were found tobe well within
established guidelines for safe drinkingwater. Some samples were found
tohave exceeded the limit set foriron, but this limit is based onaesthetic
and taste considerations and not toxicity.
The unconsolidated alluvium along the Arkansas River is used
extensively forirrigation and is known to be capable ofsustained high
yields (Bedinger et al., 1963). Two samples (WAI and WA2,Table 2)
were taken from the alluvium. WAI was found to have high sulfate
and iron content. Although not sampled, many other wells in the
alluvium were said to be high in these ionic constituents by the well
owners. The presence ofironand sulfate is probably controlled by the
iron pyrite in the sediments. The presence ofiron pyrite is a function
of the paleo-environment and in particular, where reducing conditions
occurred. A well-flushed, paleo-environment that formed under oxidiz-
ing conditions willyield water ofbetter quality.Anin depth study of
the alluvial wells utilizing water quality analyses and remote sensing,
could designate the areas ofbest water quality for the development of
well fields.
Geostatislical Relationships
The Spearman-Rank Correlation Coefficient test was used with the
aid of computer SAS procedures (Barr et al., 1976) to compare the
various parameters taken from the well reports. For the Atoka aquifer,
eight relationships between the various parameters were found at an
a = 0.1significance level or better (Table 3). Two of these comparisons
displayed expected aquifer conditions, while the remainder enabled the
construction of an hydrogeological model that could prove to be
important in future water well prospecting.
Apositive correlation resulted from the comparisons between well
depth (DEPTH) vs. depth to water (WTD) and well depth vs. depth
to the producing horizon (DPH). This simply shows that when a water
bearing horizon is at a great depth, the well willbe deep as willbe the
resulting piezometric surface. Positive relationships were also found
between regolith thickness (REG) vs. DPH and between REG vs.
Table 2. Results of water analysis of sampled wells and springs in
Crawford and Sebastian counties.
SPEARMAN CORRELATION COEFFICIENTS/PROB <:R'- UNDER HO: RH0=O/N=58
MEAN PS REG G WTD DPH
DEPTH 130 -0.286 0.296 -0.133 0.309 0.513
0.029 0.024 0.001 0.018 0.001
PS 882
- -0,357 -0.029 -0,142 -0,286
0,006 0,829 0.287 0.030










DEPTH =Depth of well (ft)
PS =PlEZOMETRIC SURFACE LEVEL (FT ABOVE MSL>
REG = Rerolith thickness (ft)
Q
• Drillers' estimated yield (gph)
WTD ¦ Depth to water from surface (ft)
DPH =Depth to producing horizon (ft)
Table 3. Correlation matrix and means fordepth, piezometric surface,
regolith thickness, yield,depth to water, and depth to producing horizon
of the Atoka Formation.
SAMPLE ESTIMATED
NO, SULFATE IRON CHLORIDE NITRATE YIELD
(ppm) (ppm) (ppm) (ppm) (gpm)
53.0 0.16 27,5 4.4 1.5Kl
56.4 0.02 43.7 0.3 10W2
35.4 0.03 54,7 0.6 15W3
33.5 0.03 56,2 2,8 5W4
54.1 0.10 27,6 1.2 0,5W5
34.7 0.03 54.5 0,0 20Wl)
37,6 0.03 52.5 0.0 25W
32.5 0.05 51.8 0.7 5W8
45.4 1.30 16.5 3,4 0.5W9
W10 53.4 0.65 24.4 1,7 7
Wll 75.5 0.15 36.8 3.8 2.5
W12 73.4 0.08 37,9 4.4 5
W13 38.4 0,34 26.3 0.0 15
W14 125.4 0.23 33.4 11.3 10
W15 43.4 0.24 24.4 0.8 5
W16 36,5 3.80 58.0 0.0 5
W17 31.5 0,00 36.4 0.3 15
WAI 163,4 0,55 8.5 13,7 225
WA2 37,5 0.09 17,5 6.4 175
54.4 0.25 26.5 0,0SI
52.3 4.40 27.4 10.5S2
Mean 51.1 0.63 37.9 2.4
Median 45.4 0,15 33.4 0.8
Maximum 125,4 4.40 58.0 11.3
Minimum 31,5 0,00 16,5 0.0
E.P.A. Health
Limit 250.0 0.30 250.0 45,0
W = Water sample from well in consolidated bedrock aquifer
liA = Water sample from well in unconsolidated alluvial aquifer
S = Water from spring at point of emergence
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DEPTH. This suggests that there is a greater thickness of regolith on
upland surfaces (remnants of the Boston Mountain Plateau) where the
aquifers are deeper. A negative relationship between these same fac-
tors is usually found inkarst areas where weathering has taken place
much deeper along solution-enlarged fractures that produce great yields
at shallower depths than wells not located on fracture zones (Ogden
et al., 1979). Negative correlations were found between DEPTH vs.
elevation of water above sea level (PS), REG vs. PS, and DPH vs. PS.
These relationships state that the piezometric surface is higher beneath
alleys than hills. If the valleys represent fracture zones, then most
recharge may be taking place along the valleys causing the piezometric
surface to slope downward away from the valleys. Also, it is impor-
tant to remember that most water comes from the siltstones and shales
that are less resistant to erosion and weathering, and thus underlie
valleys. Resistant sandstones cap the hills with the siltstone-shale aquifers
beneath at great depth and lower pressure head.
A second model that can be visualized to explain these correla-
tions is based on the "multi-level" aquifer characteristic of the Atoka
Formation. A near surface aquifer along a valley (fracture) may
produce water, but the same rock unit may produce no water inan un-
fractured uplands area. Therefore, the wellmust be drilled deeper to
a water producing horizon of lower pressure head.
Finally, a negative correlation between DEPTH vs. yield (Q) was
found. This suggests that joints and fractures close with depth due to
increasing lithostatic pressure. Thus, drillingdeep willprobably not give
greater yield. Another possible explanation is that a well drilled on a
fracture zone willproduce sufficient quantities of water at littledepth,
but ifthe well is not sited on a fracture, a sufficient yield willnot be
obtained at any depth due to low porosity and permeability.
The results of the statistical comparisons in the three non-Atokan
aquifers indicate that nearly all the variables under consideration
(except welldepths and water table depths and welldepths with depth
to producing horizons) were not statistically related within the condi-
tions of this study. Well depth was statistically (a = 0.1) related to
water table depth and depth to producing horizon, but these are
obvious relationships expected for all aquifers.
SUMMARY AND CONCLUSIONS
Ground water is extensively used byrural residents, small communities
and the industries of Crawford, Franklin, and Sebastian counties,
Arkansas. The most important bedrock aquifer ofthis area is the Atoka
Formation, an extensive formation of Pennsylvanian age consisting of
alternating shales, siltstones, and sandstones. Three additional bedrock
aquifers utilized by residents south of the Arkansas River are the
Hartshore, McAlester, and Savannah formations. These aquifers can-
not match the yield ofthe alluvial aquifers in the Arkansas Valleyregion,
but the allvuium is commonly high in sulfate and iron. A more
detailed study of the water quality in the alluvium with respect to the
paleo-depositional environment is needed.
Geostatistical correlations show that yield in the Atoka aquifer is
topographically controlled since greater yields were found in wells
drilledin valleys. Inaddition, the shale/siltstone aquifers appear tobe
more productive than sandstones emphasizing that bedding plane
partings and closely-spaced fractures common to thin bedded rocks are
more important than intergranular porosity and wide-spread fractures
found in massive bedded, tight sandstones. The hypothesis is that
fractures close with depth and that wells not drilled on fractures must
go deeper was substantiated by the fact that yielddecreases statistical-
ly with depth.
Most of the water samples collected for chemical analyses were found
to be well within established limits ofsafety with regard to sulfate, iron,
nitrate, and chloride. Further water chemistry tests should be performed
involving more parameters such as bacteria to determine the factor
controlling water quality of the Atoka in the Fort Smith vicinity.
Numerous pumping (aquifer) tests should be performed to determine
the range in transmissivity and specific capacity of the aquifer. Final-
ly,the relationship of wellyield to fold axis proximityand yield to fault
proximity should be determined to aid in ground water exploration.
The results of this study indicate that the quantity and quality of
ground water in Crawford, Franklin, and Sebastian counties is highly
variable. Presently, some industries in the Fort Smith area use large
quantities of ground water, thus demonstrating the possibility of
developing city well fields. Amore thorough study involvingextensive
field work could determine the factors that control production and water
chemistry, thereby allowingthe development ofone or more well fields
to meet the growing needs of the Fort Smith area at much less expense
than a surface impoundment.
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EFFECTS OF VARIOUS TREATMENTS ON THE
DISTRIBUTION INRATS OF IMMUNE
COMPLEXES CONTAINING ANTIGENS
OF MuLVLEUKEMIAVIRUS
WAIL M. SIAG, JEAN MATCHETT,and JOE M. JONES
Departments of Microbiology and Immunology and Pathology
University of Arkansas for Medical Sciences
Little Rock, Arkansas 72205
ABSTRACT
Immune complexes (IC) containing antigens of MuLV (12S lp30-anti-p30 or 125 lgp70-anti-gp70) and
formed in vitro or invivo were sequestered primarily inthe spleen. Treatments ofrats with trypan blue,
known toinhibit the reticuloendothelial system (RES) and diethylstilbestrol (DES), known to stimulate the
RES, resulted in slight but not significant reduction of uptake of IC by the spleen. Splenectomy did not
increase sequestration of IC by the liver nor didit change the distribution of IC in other tissues. Protein
A,a cell wall protein of Staphylococcus aureus, when injected with IC resulted in a 10-fold reduction
of uptake ofIC by the spleen. This effect was seen at 4 hours, 1 day, and 8 days after injection. Protein
A did not change the binding of antigen to its respective antibody. The mechanism whereby Protein A
exerts its effect is discussed.
INTRODUCTION
Circulating immune complexes (C1C) have been implicated in the
pathogenesis of several diseases including SLE, thyroiditis,
glomerulonephritis, and cancer (Heir et al., 1977; Zanetti et al., 1977;
Kalderon and Bogaars, 1977). Removal of these CIC could prove
beneficial to patients. Terman et al. (1981) and Bansal et al. (1978) have
shown that removal ofCIC byextracorporeal perfusion of plasma from
cancer patients over a paste of Staphylococcus aureus containing
Protein A improved the conditions of these patients. We report here
the effects ofseveral treatments on the distribution in rats of ICcon-
taining antigens ofmurine leukemia virus (MuLV).
MATERIALSANDMETHODS
Animals: Brown Norway (BN rats, 3-6 months old, were obtained
from our breeding colony and from Charles River Breeding Co. They
were maintained on Purina Chow and water ad libitum.
Antigens and Antibodies: p30 and gp70 are core and viral envelope
polypeptides of MuLV, respectively. They were labeled with 1-125
using Chloramine T (McConahey and Dixon, 1966). Antibodies (BN
anti-MST) to these antigens were formed in BN rats after several
subcutaneous injections of subthreshold doses ofMoloney sarcoma cells
which express p30 and gp70. Antibody titers were assessed by radio-
immunoassay (Jones et al., 1977).
Formation and Administration of IC: Immune complexes were
made at equivalence by incubating 100/xl of BN anti-MST with 20 ng
of mI-p30 or l!!I-gp70 for 30 minutes at room temperature. Immune
complexes thus formed were injected alone into normal BN rats or were
coupled to 500/ig of Protein A (Forsgren and Sjoquist, 1978; Sjoquist
et al., 1972) for 15 minutes at room temperature before injection. A
group of tumor bearing BN rats that had high antibody titer to p30
antigen was injected with 20 ng of w'I-p30. Animals were sacrificed
24 hours later unless otherwise indicated, and their body organs were
collected, weighed and the radioactivity measured ina gamma counter.
Blood ratios of these organs were calculated bydividingcpm/g of organ
by cpm/g blood. Control groups ofanimals received the antigens in
normal BN serum or saline.
To assess the effect of other treatments on the distribution of IC,
BN rats were injected i.p. with trypan blue (RES depressant) sus-
pended in PBS (50 mg at minus 24 hours and 10 mg at minus 4 hours
to each animal)before injection of IC(Haskillet al., 1979). Other groups
were injected s.c. with diethylstilbestrol (RES stimulant) dissolved in
95% ethanol (100 mg DES/Kg body weight) 3 days before injection
ofIC (Warr and Sljivic,1973). Other groups were splenectomized under
ether anesthesia 2 days before injection of IC.
RESULTS ANDDISCUSSION
Immune complexes that formed in vivo when mI-p30 was injected
into immune tumor bearing BN rats were found to be sequestered in
the spleen at one and 9 days later (Figure 1). Other tissues did not
exhibit a significant uptake. The experiments described below repre-
sent attempts to alter this distribution using IC formed invitro and in-
jected into normal rats.
Figure 1. Distribution of mI-p30 after injection into tumor bearing
(immune) or normal BN rats. p30 (100 ng, approximately 2x10' CPM)
injected i.v. 15 days after s.c. injection of5xlO6 MST cells, or into
untreated BN rats. Columns indicate average of2 to 5 rats (± range
or standard error). Tissue/blood ratios shown for spleen, liver, cervical
nodes, lung and thymus; samples collected 1 or 9 days after ml-p30
injection.
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Treatment with trypan blue (RES depressant) orDES (RES stimulant)
reduced slightly the uptake ofICby spleen as shown inTable 1. Neither
agent altered significantly the overall tissue distribution ofIC.Ineach
case, the spleen exhibited the greatest uptake of ICper unit weight.
Splenectomy did not increase the sequestration of ICby the liverand
the absence of the spleen did notchange significantly the distribution
of ICin other tissues (Table 1).
Sequestration ofICcontaining p30 or gp70 in spleens ofBNrats was
dramatically reduced when coupled to 500 jig Protein A (Tables 1,2).
The effect ofProtein A on the reduction of spleen uptake of IC was
seen at all time intervals after 1hour (Figure 2). mI-p30 or mI-gp70
innormal serum or saline injected into normal BN rats i.v. exhibited
no preferential sequestration in any body organ.
It is possible that Protein A reduced the uptake of ICby spleen by
affecting antigen binding toits respective antibody. As shown inTable
3, Protein A has a slight but negligible effect on antigen binding.
Protein A,therefore, willbind to ICand alter their distribution in the
animal. Ithas been shown that Protein A is a T-cell mitogen (Nakaa
Table 1. Distribution ofcomplexes of l!SI-p3O-anti-p3O in tissues of rats.
Treatment and Tissue/Blood ratio: a>
Tissue Untreated DES C Trypan Blued Splenectomy e PAf
Spleen 48.7+14.4 27.3+4.6 23.5+4.6 4.0+0.4
Liver 2.8+0.1 2.5+0.4 4.7+1.7 1.9+0.1 2.5+0.3
Lung 0.8+0.03 0.8+0.03 0.8+0.05 0.7+0.03 0.8+0.1
L. Nodes 1.9+0.4 0.7+0.1 1.2+0.2 1.1+.2 0.7+0.2
Thynus 0.6+0.1 0.6+0.1 0.6+0.05 0.5+0.1 N.D.8
Kidney 3.0+0.3 4.0+0.6 3.8+0.7 2.2+0.1 3.5+0.5
a) CPM 125I-p30/100 mg tissue: CPM125I-p30/100 mg blood neasured 24 hours
after i.v. injection of 10 ng p30 contained in50 ul BN anti-p30,
average of 3-4 rats +_ S.E.
b) If 5I-p30 was injected withnormal BN serum, ratios greater than
1.0 were not seen in any tissue, except kidney.
c) Diethylstilbestrol, 100 mg/kg dissolved in ETOH and injected i.p.
3 days before complexes (RES stinulant).
d) 50 mg i.p. at minus 24 hours and 10 mg at minus 4 hours before
complexes (RES depressant).
e) 2 days prior to injection of complexes
f) Protein A, 0.5 mg mixed with complexes (average of 7 rats).
g) Not done.
Table 2. Effect of protein A on distribution of immune complexes
containing gp70.
Blood ratio at 24 hrs in:
et al., 1980) so it could also alter the lymphoidtissues ofanimals. The
mechanism of the effect of Protein Ais currently under investigation.
Further studies willbe required to determine whether the alteration
by Protein A of the in vivo distribution of IC will benefit animals
suffering from the pathological effects of immune complexes. We
observed no gross toxic effects for rats treated with up to 1mg Protein
Ai.v.Protein Ahas been reported to be non-toxic to rats and rabbits,
but to exhibit toxic activity forguinea pigs and humans (Martin et al.,
1967; Gustafson et al., 1968). Procedures that wouldreduce any toxic
properties must be developed before Protein Acould be administered
to humans.
Figure 2. Effect ofprotein Aon uptake of ICby spleen. Rats injected
i.v.with IC (20 ng mI-p30 + 100 ix\ BNanti-p30) alone or mixed with
500 ii% PA, or with l2!I-p30 in normal BN serum (NBN). Values
plotted are blood ratios ofspleen measured at 10 min., 1 hour, 4hours,
1day and 8 days post injectionof IC,average of4animals/ point ± S.E.











I-gp70 in saline 3 0.65+O 1.34+0.1 0.98+0.1 0.56*0.02 + pA 2Q125
I-gp7O in ICb 21.42.9.4 1.40+0.2 O.79±O.O4 0.72+0.08 RAPA 4M
1.3(M).l 0.86JO.1 0.76,0.02 0.80^0.08 a) . w. __ m
a) 0.5 ug I-gp70 of MiLV. b) Protein A, 25ug incubated with antibody before addition of
b) Iirnune complexes, 0.5 yg I-gp70 + 200 yl hyperiitmjne BN anti-gp 70.
c) IC mixed with 1.0 mg protein A.
antigen (125I-p3O).
c) 200 pi; GAR = Goat anti-rat globulin, RAPA = Rabbit anti-Protein A.
d) Percent of 1ng I-p30 precipitated in30 minutes, average of 2 tests.
d) CPM/g tissue: CPM/g blood, average 3-4 rats + S.E.
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EFFECTS OF WATER RELEASED FROM
STRATIFIED AND UNSTRATIFIED




U.S. Fish and Wildlife Service
Arkadelphia, Arkansas 71923
ABSTRACT
Water quality samples were collected from the LittleRiver system in Pine Creek Lake, Oklahoma, and
Gillham Lake, Arkansas, and their associated tailwaters during the winter (reservoirs unstratified) and summer
(reservoirs stratified) of 1980. Downstream water quality was not affected by reservoir water releases
while the reservoirs were unstratified. When the reservoirs were stratified water quality inthe tailwaters
was dependent on the release depth of the water. The practice of flushing out a tailwater followingan
extended low flow period should be examined on a site by site basis. Anoxic water released froma reser-
voir may contain high amounts ofcertain chemicals that may be detrimental to downstream aquatic life.
INTRODUCTION
Water released from a reservoir may alter downstream physicochemical
conditions, depending on the quality of the water at the release depth,
quantity of water released, and time ofyear (Neel, LimnologyofNorth
America, Univ. Wisconsin Press. Pages 575-593, 1963; Pfitzer, Trans.
N. Am. Wildl. Conf. 19:271-282, 1954). The qualityof water released
during prolonged periods oflow flowis important, particularly during
the growing season (May through October), when water quality may
be poor in the hypolimnion of the reservoir or in slow moving water
in pools of the tailwater. Physicochemical characteristics in the tailwater
influence the character and densities of aquatic life downstream.
Water quality data were collected from Pine Creek Lake and tailwater,
Oklahoma; Gillham Lake and tailwater, Arkansas; and the Glover River,
Oklahoma, an unimpounded stream in the Little River drainage.
Samples were taken when the reservoirs were not stratified, and dur-
ing summer stratification, to determine the effects ofreservoir water
releases on the physicochemical characteristics of the tailwaters.
STUDY AREA
The Little River system has two main stem reservoirs and five
major tributaries, four of which have reservoirs (Figure). Pine Creek
Lake, the upstream impoundment on the Little River, is a multipur-
pose floodcontrol reservoir of the U.S. Corps ofEngineers in southeast
Oklahoma. The surface area is 2023 hectares (ha) and mean and
maximum depths are 4.8 and 23 m, at conservation pool elevation (135.2
m above mean sea level). The dam gate tower has multi-level intakes
at elevations 128.9 and 123.7 m to maintain low flow. A warmwater
discharge up to 10.5 mVsec can be manipulated through these low flow
gates. Two slide gates at elevation 117 m control the discharge from
10.5 to 226.5 mVsec.
Gillham Lake is a multi-purpose flood control reservoir of the
U. S. Corps of Engineers on the Cossatot River in southwest
Arkansas. Atconservation pool elevation (153.0 m above msl), the lake
has a surface area of 554 ha and mean and maximum depths of7.3
and 21.3 m. Multi-levelintakes within the gate tower are located at eleva-
tions 148.4 and 143.8 m. The warmwater discharge from the multi-level
intakes can be maintained at 0.8 mVsec during low flow or increased
to 4.2 m'/sec. Reservoir discharge from 4.2 to 84.9 mVsec is
controlled by two slide gates at elevation 133.2 m.
The Little River was sampled inPine Creek Lake and at locations
downstream to the headwaters of MillwoodLake, near the confluence
of the Cossatot River, 165.4 km downstream from Pine Creek Dam.
The Cossatot River was sampled in Gillham Lake, and at locations
downstream to its confluence with the Little River, 75.6 km below
Gillham Dam (Figure). Tailwaters below Pine Creek and Gillham lakes
were maintained by warmwater low flow releases of1.6 and 0.8 mVsec,
respectively, in 1980.
Figure. Water quality sample sites on the Little River system; number
in parenthesis is downstream distance from the dams (km).
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METHODS
Water samples were collected in February (reservoirs unstratified)
and August (reservoirs stratified) 1980. Water temperatures, specific
conductance, dissolved oxygen, alkalinity, and pH were measured at
selected depths in the reservoirs and in the rivers. Additional water
samples for determinations of total iron, totalmanganese, and ammonia
nitrogen were preserved with dilute sulfuric acid and returned for analysis
by the Chemistry Department ofOuachita Baptist University.
Particulate matter was analyzed from IOjB. sample ofsurface water.
Coarse particulate matter was that portion retained after filtration of
the \0& sample through an 80-/*m mesh net. A950 mH sample of
filtrate was filtered through a pre-ashed and preweighed glass fiber filter
paper to obtain fine particulate matter. This filtrate was retained and
about 500 mH was dried at 105 °C to determine total dissolved solids
(TDS). Filter papers with coarse and fine particulate matter were dried
at 60 °C for 24h, desiccated, and reweighed. Inorganic portions of the
particulate matter (total inorganic matter, TIM) were determined by
ashing the filterpapers at 550°C for 20 minutes. Organic portions (total
organic matter, TOM) were determined by subtracting inorganic
matter from total particulate matter. Results were expressed as
milligramsper liter.
Not allwater qualitymeasurements were taken at or near minimum
flowconditions, due to releases from the various reservoirs. The Little
River samples near the Cossatot River confluence inFebruary were
collected when Pine Creek and DeQueen Lakes were releasing water
near minimum flow. However, release from Broken Bow Lake,
Oklahoma, was high due to power generation. InAugust, some Little
River sampling stations were measured when 14.2 mVsec was being
released from Pine Creek Lake to flush out the tailwater.
RESULTS
InFebruary, concentrations oftotal iron, total manganese, and TIM
were higherin the LittleRiver than in the Glover River,and these higher
concentrations persisted below the confluence of the two rivers.
Ammonia nitrogen was higher below their confluence than upstream
in the Little River (Stations 2-4) or inthe Glover River (Station 5). All
other characteristics measured inFebruary from the Little and Glover
rivers were similar (Table 1).
Cossatot River temperatures in February increased as distance
downstream increased, probably as a function of time of day when
samples were collected. Allother characteristics measured inthe Cossatot
River were within the ranges ofsampling and analytical error. Con-
ductivity and TIMwere higher and temperature and dissolved oxygen
lower in the Little River near the Cossatot River confluence than in
the Cossatot River. These Little River characteristics were probably
influenced by water from Broken Bow Lake during the February
sampling period (Table 1).
Pine Creek and Gillham lakes were not stratified inFebruary, and
no concentration ofions within the water column was apparent. Mean
concentrations of TOMwere similar for the two tailwaters but slightly
higher than that for the unimpounded Glover River. Mean TDS and
conductance in the Little and Glover rivers were similar but higher than
measured in the Cossatot River (Table 2). Higher mean TIMin the
Cossatot River than in Gillham Lake was possibly due to the suspen-
sion ofsubstrate particles in the tailwater from higher than minimum
flowdischarge before the samples were taken. Other physicochemical
variables sampled inFebruary from the Little, Cossatot, and Glover
rivers were similar, and no significant variation between the rivers was
apparent.
InAugust, the hypolimnion in Pine Creek Lake began 2 m below
the lake surface, 4.6 m above the upper low flow intake gate. Com-
parisons ofthe physicochemical characteristics from the Little River
Table 1. Water quality characteristics from the Little, Glover, and Cossatot rivers, February 1980.
Sites Temper- Conduct- Dissolved pH Alkalin- Total Total Ammonia Total Total Total
ature tivity oxygen ity iron mangan- nitrogen organic inorganic dissolved
ese matter matter solids
(°C) ((irahos/ (mg/1) (mg/1 as (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1)
cm) CaCO 3
)
1 6.5 61.0 10.2 6.2 21.5 0.4 0.1 0.20 1.30 3.86 12.7
2 9.0 41.0 11.8 6.2 10.9 0.6 0.1 0.30 2.13 3.80 39.8
3 6.0 49.0 11.9 5.8 10.5 0.5 0.1 0.20 0.97 3.74 44.6
4 5.8 53.0 11.3 5.8 16.5 0.8 0.2 0.20 2.26 3.94 55.6
5 7.0 48.0 12.3 6.2 16.5 0.4 0.0 0.20 1.04 3.16 49.0
6 7.0 52.0 12.2 5.8 20.7 0.9 0.2 0.70 1.29 4.34 31.6
7 10.5 55.0 9.2 5.9 19.0 0.40 1.79 4.96 31.0
8 10.1 48.0 9.2 5.8 19.8 0.40 1.59 5.34 48.3
9 7.0 34.0 10.0 6.0 8.2 0.02 1.96 4.05 35.3
10 8.0 40.0 11.5 6.2 7.8 0.00 1.44 3.60 34.9
11 7.5 41.0 11.8 5.8 12.0 0.07 1.75 3.20 36.5
12 7.0 32.0 10.8 5.8 15.0 0.03 1.29 2.45 40.6
13 9.0 32.0 11.4 5.7 34.1 0.04 1.47 3.37 39.0
14 13.0 39.0 10.4 5.6 15.5 0.03 1.75 3.72 36.0
'See Figure to site locations.
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in August were also complicated by increased discharge before and
during the collection of the water samples. However, because rainfall
was low before sampling, downstream water came primarilyfrom the
reservoir. Temperature, TIM,and TDS increased withincreased distance
downstream from Pine Creek Lake (Table 3). Total inorganic matter
increased followingthe increased reservoir release. Dissolved oxygen,
total iron, total manganese, and TOMall decreased with increased
distance below the reservoir. Measurements of total ironand manganese
at Station 6 were higher after the reservoir discharge increased. Low
stream flow inthe Glover River, due to the dryconditions in August,
resulted inlower dissolved oxygen and TIMand higher conductance
in the Glover River than in the Little River. Other variables measured
in August from the Littleand Glover rivers were similar, and no trends
were evident (Table 3).
The hypolimnion in Gillham Lake began 6mbelow the lake surface,
1.4 m below the upper low flow intake gate. In August, TDS and
conductivity increaed withincreasing distance downstream from Gillham
Reservoir. Low rainfall near the Cossatot River resulted in lack of
dilution and a high evaporation rate (ca. 0.8 cm/day), causing an in-
crease inthe ionic strength, which along with geochemical interactions
of the water were probably responsible for the higher downstream TDS
and conductance. TIMincreased near Station 12 on the Cossatot River,
then decreased farther downstream. Temperature, TOM, and TDS
increased, and the dissolved oxygen, TIM,and conductance decreased
below the confluence of the Little and Cossatot rivers. Other variables
measured in the Cossatot and Little rivers near their confluence were
similar (Table 3).
Physicochemical characteristics differed more within and between the
rivers in August than inFebruary. Mean concentrations ofTOM, TIM,
TDS, and conductance were all higher in the Little River than in the
Cossatot River. Mean TOMand TDS in the Glover River were similar
to those inthe Little River, but mean TIMwas 50% lower inthe Glover
River (Table 2).
Table 2. Mean water quality characteristics of selected variables
during February (F) and August (A) 1980.
Total Total Total
organic Inorganic dissolved
matter matter solids Conductance
(mg/H) (mR /2) (mn/f.) (|,mhos/cm)
FA K A FA FA
Gillham Lake 1.96 0.44 1.44 3.62 35 35 34 31
Cossatot River 1.55 1.44 3.27 3.37 37 37 37 33
Pine Creek Lake 2.10 1.84 3.86 0.35* 13* 41 61 76
LittleRiver 1.66 1.63 3.38 4.87 43 66 49 76
Glover River 1.04 1.53 3.16 2.41 49 67 48 64
*May be due to analytical
Table 3. Water quality characteristics from the Little,Glover, and Cossatot rivers, August 1980.
Sites
—
Temper- Conduct- Dissolved ->H Alkalin- "otal Total Ammonia Total Total Total
ature tivity oxygen ity iron mangan- nitrogen organic inorganic dissolved
ese matter matter solids
( C) (ymhos/ (mg/SD (mg/fc as (mg/jl) (mg/S.) (mg/j.) (mg/fc) (mg/g.) (mg/jl)
cm ) CaCO 3 )
1 24.5 50.0 0.2 6.4 38.0
2-2-/ 27.0 49.0 5.7 6.5 30.0
Ih-1 24.0 44.0 5.5 6.4 39.0
4-/ 29.0 51.0 4.8 6.5 29.0
5 28.5 64.0 4.0 6.3 52.0
ba-1 31.0 4.8 6.5 43.8
6b^ 30.5 97.0 4.7 6.8 48.0
7 28.0 42.0 6.6 6.6 17.0
8 31.0 33.0 5.9 7.4 19.0
9 29.0 33.0 3.6 6.7 20.0
10 30.0 36.0 8.6 7.0 21.0
11 30.0 32.0 7.7 6.9 23.0
12 30.0 36.0 8.4 6.7 21.0
13 30.0 36.0 7.4 6.8 21.5
14 31.0 . 48.0 5.5 7.0 19.0
2.6 1.5 0.20 1.84 0.35 40.8
1.9 1./, 0.30 1.47 2.14 50.3
2.6 1.8 0.60 1.46 5.45 52.3
1.4 0.9 0.30 2.11 5.29 53.6
0.6 0.2 0.20 1.51 2.41 67.4
0.5 0.5 0.20 1.05 5.38 88.5
1.0 0.9 0.20 2.04 6.08 54.2
0.7 0.0 0.01 1.44 3.93 48.8
0.5 0.1 0.00 3.75 1.78 78.0
0.8 0.1 0.00 0.34 3.62 34.9
0.6 0.1 0.01 0.66 1.98 30.6
0.6 0.1 0.00 2.48 2.47 31.8
5.42 36.40.6 0.1 0.00 0.24
0.9 0.1 0.01 2.03 4.16 38.1
0.6 0.2 0.01 1.82 2.84 46.0
'See Figure for site locations.
'Note: LittleRiver sample Sites 1,2, and 6a were measured before, Site 3 during, and Sites 4 and 6b after a 14.2 cms discharge from Pine Creek Lake.
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DISCUSSION
The quality of the water released from the reservoirs in winter
(February) appeared to have little effect downstream. In summer
(August), Pine Creek and Gillham lakes were physically and chemical-
lystratified, and discharge from both reservoirs had been at low flow
since early July. The downstream effects of water released from the
reservoirs in the summer depended on intake elevations within the
reservoirs.
Gillham Lake appeared to have no adverse effects on downstream
water quality, even when the reservoir was stratified. Chemicals that
might have been detrimental to water quality in the Cossatot River were
present in the reservoir but were below the 5 m release level. Influence
from the Cossatot River flowing into the Little River was shown by
increased temperature, TOM,and TDS below the confluence of the
two rivers, especially in August. Paniculate matter samples may have
been influenced by the mixingof the two systems.
The Little River below Pine Creek Lake was more turbid than the
other rivers, particularly in August, when the water released from the
reservoir was from an anoxic hypolimnion.Highamounts of the reduced
forms of iron, manganese, and ammonia nitrogen and sulfur were
released into the tailwater. At or near minimum flow, aeration through
the outlet structure and over the substrates allowed for the dissipation
ofammonia and sulfides and some precipitation of iron and manganese
oxides. However, the increased discharge (14.2 m'/sec) to flush out the
tailwater after a prolonged period of low flow, permitted hypolimnetic
water with high total iron, total manganese, and ammonia nitrogen to
move farther downstream (Station 3; 2.1 km) before the metals
precipitated or the ammonia dissipated. Total inorganic matter was also
higher downstream (Station 4; 12.1 km), possibly as a result of the
suspension of inorganic materials from the substrates by the increased
flow. At the reservoir release levels (6m at low flow and 19.8 m at flows
above 4.2 mVsec), flushingof the Little River system below Pine Creek
Lake with a flow of 14.2 mVsec, carried hypolimnetic reservoir water
farther downstream (36.5 km), without a reduction in certain, possibly
detrimental chemicals, by precipitation or aeration.
The practice of releasing high volumes of water from reservoirs to
flush out a tailwater system should be carefully analyzed. Thermal and
chemical stratification occurs inmany reservoirs during the summer,
while the multi-level discharge gates are possibly in an anoxic zone
containing high levels of undesirable chemicals. Under low flow con-
ditions, water released through the outlet structure may change its
chemical properties after aeration and precipitation, becoming more
suitable for aquatic life.However, increased discharges from the anoxic
zone or from floodgates located on the bottom ofgate tower structures
does not allow for the aeration or precipitation to occur near the dam.
Results from this study and a study below Buford Dam, Georgia
(Grizzle, Trans. Am. Fish. Soc. 110 (l):29-43, 1981) showed that the
anoxic water, with increased amounts of the reduced forms ofvarious
chemicals, may be carried farther downstream during high volume water
releases, possibly increasing the distance donstream in which the in-
vertebrate and fish communities may be stressed.
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IWATER QUALITY AND BENTHIC INVERTEBRATECOMMUNITIES INLAKE GREESON TAILWATER
STEPHEN B. SMITH




The Little Missouri River below Lake Greeson, Arkansas, was sampled for water qualityand benthos
during summer 1979. The hydropower turbine water intakes, 20 m below the lake surface, released
hypolimnetic water into the tailwater. Downstream water temperatures, total organic matter, and total in-
organic matter varied considerably and benthic invertebrate communities immediately below the dam were
stressed by waters released forpower generation. Detrimental effects fromaltered temperature and flow
regimes had decreased by 16.1 km downstream, where invertebrate communities were typical of less
stressed environments.
INTRODUCTION
Lake Greeson, Arkansas and its associated tailwater were selected
by the National Reservoir Research Program (U. S. Fish and Wildlife
Service) and the Waterways Experiment Station (U. S. Army Corps of
Engineers) for studying the effects on reservoir and tailwater environ-
ments of variable hypolimnetic reservoir water releases during
hydropower operations. Adeep-release reservoir may result inlow water
temperatures and poor water quality and an altered tailwater environ-
ment (Neel, 1963), resulting in stressed benthic communities with low
diversity and high standing crops (Young et al., 1976). The purpose
of this paper is to describe the water quality and benthic populations
of Lake Greeson tailwater and to compare these benthic populations
with those from the riverabove the reservoir and from another tailwater.
STUDY AREA
Lake Greeson, impounded in1950, is a 2,940-hectare reservoir on
I the Little Missouri River in the Ouachita River Basin; mean andmaximum depths are 11and 44 m. Hypolimnetic water is released into
I the tailwater from penstocks 20 mbelow the lake surface. Releases arehighly variable and range from 0.3 m'/sec ofdam leakage to 92 mVsecduring maximum power generation.
Physicochemical characteristics in Lake Greeson were measured
immediately above the dam. Water quality and benthos collections were
made at three locations in the tailwater. Distances downstream from
the dam and sampling depths were as follows: Station 1, 0.5 km,
K. 0.5 m; Station 2 (a riffle-pool association), 10.5 km, m; and
Station 3 (also a riffle-pool association), 16.1km,0.4 m. Lake Greeson
and Station 1 are located in the Ouachita Mountains physiographic
province and Stations 2 and 3 in the Gulf Coastal Plain. A tributary
(Muddy Ford Creek) and a gravel processing plant are about 2.4 and
5.0 km upstream from Station 3, respectively.
Totalorganic matter, total inorganic matter, and total dissolved solids
were determined from a 10 liter sample of surface water. Coarse
particulate matter was retained after filtration of the sample through
an 0.08-mm mesh net. About 1 liter of the filtrate was then filtered
through a pre-ashed and preweighed glass fiber filter to obtain fine
particulate matter. About 500 ml of that filtrate was evaporated in a
preweighed aluminum pan at 105 °C to determine total dissolved solids.
Filter papers withcoarse and fine particulate matter were dried at 60°C
for 24 hours, dessicated, and reweighed. The inorganic fraction of total
particulate matter was determined byashing the filter papers at 550 °C
for 20 minutes, coolingunder disiccation, and reweighing. Totalorganic
matter was determined bysubtracting inorganic portions from total par-
ticulate matter.
Benthic invertebrates were sampled from May to September 1979.
Substrates at Stations 1 and 3 were washed for 2 minutes in a Hess
sampler, with a 0.240-mm mesh netting, and preserved in10% formalin.
Artificial substrate samplers were used at Station 2 where they were
allowed to colonize for about 6 weeks, removed, and preserved in
formalin.
Invertebrates were sorted, identified to the lowest taxon possible,
counted, and measured to obtain mean lengths of representative forms.
Dry weight biomass was determined by oven drying the organisms at
60 °C for 24 hours. Length-weight relations and regressions were
calculated for various benthic groups. Biomass (not adjusted for preser-
vative) and abundance were expanded to milligrams and numbers per
square meter.
The Shannon-Weaver diversity index was calculated from mean
invertebrate densities at each sampling station. The equation
H =
- £ (P;) log2 Pi was used to express diversity (H), where s is the
number of species and P; is the proportion of the total sample belong-
ing to the ith species (Krebs, 1972).
METHODS
Water quality samples were collected on five dates between May and
tober 1979. Water temperatures, specific conductance, alkalinity,pH,
d dissolved oxygen were measured at selected depths in the reservoir
and in the tailwater. Additional water samples for total iron, total
manganese, and ammonia nitrogen concentrations were preserved with
dilute sulfuric acid and returned foranalysis by the Chemistry Depart-
ment, Ouachita Baptist University.
RESULTS
Water Quality
The top of the thermocline in Lake Greeson was at a depth of6 to
7 m in mid-June and 14 m by October. A negative heterograde
dissolved oxygen distribution began at about these depths during this
period. The thickness of the anoxic zone was 8 m in July and increased
to 13 m by September. InSeptember and October, the 20-m deep reser-
voir outlet was within the anoxic layer. Conductivity ranged from 27
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to 93 /^mhos/cm and alkalinity from4 to 12 mg/1;
—
both were highest
in the hypolimnion during late summer and fall. InOctober, when the
water at the 20-m turbine intake level was anoxic and ina reduced state,
total ironand manganese were present at concentrations of 3.0 and 0.7
mg/1, respectively.
Variations in tailwater temperature and dissolved oxygen were
dependent on how soon measurements were taken following a
hydropower release. Dissolved oxygen in the tailwater was usually above
6 mg/1; it was usually higher near the dam than at the downstream
stations, except duringJuly and September, when recent power genera-
tion resulted in lower dissolved oxygen upstream. Conductivity was
always higher at Station 3 than at the upstream stations or at 20-m depth
in the reservoir. Alkalinity increased in the tailwater during September
and October as a result of the higher alkalinity in the water released
from the reservoir. Total iron and manganese in the tailwater were
generally less than 0.5 and 0.2 mg/1, respectively depending on
concentrations at the 20-m power intake depth. Aeration resulted in
the precipitation ofiron and manganese oxides and consequently lower
total iron and manganese concentrations downstream (Table 1).
Concentrations of total organic matter were similar at Stations 2and
3 and at the reservoir surface; that at Station 1 was characteristic of
hypolimnetic reservoir water
—
high innutrients, but low in organic
material. Inorganic matter was higher than organic matter at all three
tailwater sites. Total dissolved solids averaged 57 mg/1 inthe tailwater,
78% higher than at the reservoir surface; they were highest at Station
3, where the total dissolved solids may have been increased by inflow
from the gravel processing plant and Muddy Fork Creek (Table 1).
Benthos
Mean densities of benthic invertebrates decreased as downstream
distance from the dam increased. Percentages ofHydra, Chironomidae,
and Oligochaeta were similar at Stations 1and 2 (Table 2). Seasonal
variations of most benthic invertebrates were not apparent at the
upstream stations. However, Hyalella azteca was most abundant at
Station 1 in July and September, and Hydra at Stations 1and 2 inMay
and June. Hydracarina, Ephemeroptera, Plecoptera, Coleoptera, and
Mollusca were most abundant at Station 3, although the mean total
invertebrate densities were lower there than at the upstream stations
(Table 2). At Station 3, populations of oligochaetes, Hydra, and
chironomids peaked in Mayand June and Hydracarina in September.
A total of 36 benthic invertebrate taxa was collected in the Lake
Greeson tailwater; 14 were collected at Station 1, 16 at Station 2, and
26 at Station 3. Mean invertebrate biomass was lowest at Station 1and
Table 2. Mean number and in parentheses, percent composition of
benthic invertebrates inLake Greeson tailwater fromMay to September
1979.
Station
Taxon 1 2 3
Annelida (25.0) (30.5) (25.1)
Oligochaeta 1252 1366 697
Hirudinea 3
Nematoda (2.1) (0.1) (0.8)
101 5 22
Coelenterata (33.6) (35.5) (4.4)
Hydra sp. 1627 1590 123
Hydracarina 7 120
Amphipoda (8.3) (0.5) (0.3)
Hyalella azteca 402 21 6
Gammaridae 3
Isopoda (0.5) (0.0) (0.5)
Asellua sp. 12
Llrceus sp. 12 15
Ephemeroptera (0.0) (2.6) (41.4)
Baetis sp. 12
Ephemerella sp. 6
Immature Heptagenildae • 976
Rhlthrogena sp. 3
Stenonema sp. 110 34
Paraleptophlebia sp. 4 40
Trichoptera ( + ) (0.3) (0.0)
Hydroptilla sp. 3
Oecetls sp. 2




Diptera (29.3) (31.0) (9.6)
Chaoborus sp. 24 2
Chironomidae 1314 1271 218
Tanypodinae 12 16 18
Chironomidae pupae 61 61 15
Chironomidae adult 9 3
Tipulldae 3 6
Coleoptera (0.1) (0.0) (2.3)
Elmidae larvae 55
Elmidae adult 6 9
Mollusca (0.0) (0.0) (2.2)
Muscullum sp. 52
+ Less than 0.1Z
Table 1. Range and mean values of water quality characteristics in Lake Greeson (20 m intake level) and tailwater, May through October 1979.
Temper- Dissolved Conduc- Alkalin- Total Total Total*/ Totali/ Total-
Sites ature Oxygen tivity lty Iron Mangan- organic Inorganic dissolved
ese matter matter solids
CC) (mg/1) (pmhos/ (mg/1 as (mg/1) (mg/1) (mg/1) (mg/1) (mg/1)
cmj CaCoQ
Reservoir 11-14 0.2-8.2 30-45 4-12 0.1-3.0 0.0-0.7 0.8-1.7 0.0-2.3 21-60
13 3.7 35 7 0.8 0.3 1.1 1.0 32
Tailwater
Station 1 14-21 5.6-9.6 28-36 3-9 0.2-0.8 0.1-0.4 0.0-1.7 0.4-2.5 9-81
18 7.9 32 5 0.4 0.2 0.9 1.4 50
Station 2 14-24 6.5-8.8 28-36 4-8 0.2-0.5 0.0-0.2 0.1-2.2 1.5-3.5 30-57
18 7.3 32 5 0.3 0.1 1.2 2.6 41
Station 3 16-26 6.4-8.6 38-80 4-14 0.2-0.4 0.1-0.2 0.2-1.9 0.4-7.6 37-99
20 7.5 55 8 0.3 0.1 1.2 3.6 76
'Samples taken from surface.
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increased downstream. Biomass was dominated byDiptera, Oligochaeta,
and Hydra at Station 1,by Ephemeroptera and Diptera at Station 2
and by Ephemeroptera and Plecoptera at Station 3 (Table 3).
Table 4. Rank ofdensities of benthic invertebrate taxa at the downstream
sampling sites in Lake Greeson and Gillham Lake tailwaters and the
Little Missouri River above Lake Greeson.
The community diversity index was 2.19 at Station 1 and 3.02 at
Station 3. At Station 2 the index was lower (1.86), where itwas influenc-




Table 3. Density, number of taxa, biomass and community diversity
of benthic communities inLake Greeson tailwater 1979.
Density Taxa Biomass Community
Station (No./mS) £NoJ (mK/m2) diversity!/
4838 14 252.8 2.19
4477 16 345.0 1.86
3 2776 26 458.0 3.02
1/ Higher values indicate less stressed conditions.
Tdxoi 1979 1979-80; 1980;










Physicochemical properties of the Lake Greeson tailwater were
influenced by the quality of the water in the reservoir at the turbine
intake level, and bylocal climatic conditions, which influenced the water
quality as it moved downstream. During power generation, water
temperatures at Stations 1and 2 were similar. During non-generation
however, temperatures at Stations 2 and 3 ranged from 1 to 7 °C and
5 to 8 °Chigher than those at Station 1.Paniculate matter was scoured
from the tailwater substrates duringperiods ofpower generation. Total
organic matter increased by 53% at Stations 2 and 3and total inorganic
matter by 174% at Station 3 during power generation. During non-
generating periods, total organic matter and total inorganic matter were
about 70% higher at the downstream stations than at Station 1.High
total inorganic matter at Station 3 may also have been influenced by
inflow from the gravel processing plant or from Muddy Fork Creek
that entered the Little Missouri River upstream from the station. Ward
(1976) and Matter et al. (inpress) also found that increased flow from
power generation caused the scouring of tailwater substrates and resulted
in streambed and bank erosion.
Benthic communities in the tailwater were affected by temperature
and flow variations which resulted from periodic power generation.
However, abrupt changes in the population structure inthe immediate
tailwater were modified by the growth of macrophytes and algae in
response to nutrients released into the tailwater from the reservoir
hypolimnion. Detrital feeders (chironomids and amphipods) were
abundant immediately below Lake Greeson as a result of the algal mats.
Densities of Hydra were also high at Stations 1 and 2, possibly due to
the availability of food from the moribund plankton released from the
reservoir and the prey organisms trapped in the mats ofperiphyton below
the dam. Decreased variation in the flow and temperatures at Station
2 probably contributed to the presence of Ephemeroptera and
Trichoptera. The periphyton on the artificial substrate samplers at
Station 2 served directly as food forStenonema and also provided ideal
habitat for the prey organisms of the predaceous Trichoptera.
Benthic populations at Station 3 were not similar to those at Station
I• Downstream benthic communities were typical of less stressed con-
ditions characteristic of the LittleMissouri River above Lake Greeson.
Benthic invertebrate samples were collected in the Little Missouri River,
37 km above the reservoir from May through October 1980 by E. J.
Bacon, University ofArkansas at Monticello. Ephemeroptera was the
most abundant order ofinvertebrates both 37 km above and 16.1 km
below Lake Greeson. Trichoptera, Coleoptera, and Plecoptera were
.l/U.S. Fish and Wildlife Service, unpublished data.
2/e J Bacon personal communication*
Mostly Coleoptera
subdominant above the reservoir, and Oligochaeta, Diptera, and
Plecoptera at Station 3 in the tailwater (Table 4). Lehmkuhl (1972)
determined that the effects ofreservoir releases on flow, temperature,
substrate stability and food availability typicallydecrease downstream.
However, recovery of the benthic community below deep-release
reservoirs to conditions simmilar to those above the reservoir may not
occur for a considerable distance downstream (Ward and Stanford,
1979). As the reservoir effects diminish downstream, mayflies and
stoneflies gradually become more prevalent (Ward, 1976).
Comparison of the benthic communities from the lower Lake Greeson
tailwater site and from a site at a comparable distance below an
epilimnetic warm water release reservoir indicates that the invertebrate
populations below Lake Greeson were only beginning to recover to
typicalstream benthos communities. InGillham Lake, a small flood-
control reservoir on the Cossatot River in southwest Arkansas (50 km
w of the Little Missouri River), water is usually released from the
epilimnion. Community diversity inbenthos collections made immed-
iately below Gillham Lake, in 1979 and 1980 (U. S. Fish and Wildlife
Service, unpublished data) was low (1.82), because the substrate was
homogeneous as a result of periodic high reservoir water releases.
Substrate heterogeneity and good water quality at the downstream
Gillham Lake tailwater sampling station (15.3 km below the dam struc-
ture) supported a typical stream benthic community. Community
diversity indices at the downstream stations in Gillham Lake and Lake
Greeson tailwaters were similar (3.31 and 3.02, respectively). However,
densities and the number of taxa below Gillham Lake (22,240/nv and
44, respectively) were higher and ranks ofabundance (Table 4) were
different. Reservoirs with an epilimnetic release have been shown to
be generally less disruptive to the tailwater biota than those with a
hypolimnetic release (Walburg et al., 1981).
The quality and pattern of Lake Greeson water releases during power
generation adversely affected the benthic communities immediately
below the dam due to temperature and flow variation. However, algal
mats and macrophyte growth provided additional microhabitat for some
taxa. Water temperature and flow variations due to periodic power
generation were substantially reduced 16.1 km downstream, and
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Dam buildingactivities of beaver (Castor canadensis) create ponds that apparently augment habitat
available to otter (Lutra canadensis). This paper considers possible effects ofbeaver activity and pond
formation ondistribution and populations ofotter in Arkansas. Literature synthesis and analysis of harvest
records were used to investigate the suspected relationship.
INTRODUCTION
Analyzing Arkansas harvest records for the last 20 years, Tumlison
et al. (1981) described an expanded range for the river otter (Lutra
canadensis) in Arkansas. Although their use of mink (Mu.ilela vison)
as an "indicator organism" to reduce the bias inherent inharvest records
did not conclusively demonstrate an otter population increase, the
authors intuitivelyfelt that a population increase had occurred and that
dispersal of an expanding population had led to the expanded
distribution.
The dramatic increase in Arkansas' otter harvest since 1975 is partly
explained by a general fur market upswing. However, factors poten-
tially responsible for the increase are many. It is hypothesized that
beaver, through their damming activities on smaller streams, augment
suitable habitat forotter providingdispersal routes and increased habitat.
Effects of beaver ponds on biota have been intensively studied. The
primary emphasis has been on beaver-trout relationships (Rasmussen,
1941; Reid, 1952; Rupp, 1955; Huey and Wolfrum, 1956; Gard, 1961),
although effects on fish populations in general have been researched
as well (Bailey and Stephens, 1951; Hanson and Campbell, 1963).
Effects of beaver pond formation on other forms of wildlife have also
been considered (Beard, 1953; Rutherford, 1955; Speake, 1956;
Knudsen, 1959; Arner, 1963; Reese and Hair, 1976; Allred, 1980).
Practically all reports have found beaver ponds to be beneficial to the
forms of life studied. However, only Knudsen (1959) included otter in
his discussion. Green (1932) described observations of otter in a
Canadian beaver pond, and believed their interaction was negative
because otter apparently killed at least one beaver.
METHODS ANDMATERIALS
Literature examinations were made for general requirements of
otter and the nature ofhabitat alteration brought about by beaver ponds,
ina determination of the extent that beaver ponds might meet those
requirements.
To test the hypothesis that increased beaver activity enhances otter
Populations, data strongly suggesting a definite beaver population
increase were required as a base for comparison with otter harvest.
Beaver harvests in Arkansas have increased dramatically since the
restocking program of the 1940's reported by Holder (1951), and the
Arkansas Game and Fish Commission presently considers the beaver
Population to be at nuisance levels. The sharp upswing inbeaver harvest
has occurred within the last nine years (1971-72 through 1979-80).
Because harvests are often functions of pelt price, a correlation coeffi-
cient for beaver price versus harvest was calculated based on data for
the last nine years. Arkansas is divided into four major physiographic-
regions (Foti, 1974), and otter harvest from one region, the Ozark Moun-
tains, is small and erratic. Therefore, harvests from this region were
excluded from the analysis to allow comparisons based on sympatric
populations. Otter harvests over the same nine year period were also
tested to determine the effect of price on harvest.
RESULTS AND DISCUSSION
Preferred Habitat of Otter: The otter occurs in good-sized, clear
streams that abound with fish and have pools, rapids, and logjams
(Seton, 1909). Yeager (1938) ranked aquatic habitats for otter in the
Mississippi delta into nine categories. The four most favorable types
contained relatively clear, deep water in swamps, lakes, and small rivers
or creeks. Additionally,log-filledand heavily timbered and shaded areas
were preferred. Beaver ponds inhibit stream flow,allowingsedimenta-
tion which clears stream waters (Gard, 1961; Allred, 1980). Because
otter are sight feeders, this characteristic of beaver ponds may make
them preferable to otherwise muddy streams. Arner et al. (1969) found
that, inMississippi, beaver impoundments larger than one acre com-
prised a total of 23,673 acres, and that 71% of these were constructed
on intermittent streams. Adecade later, beaver impounded areas had
increased almost 300% (Arner and Dubose, 1978). Because many such
streams flow through heavily forested lands and beaver fell logs that
can be utilized byotter as refuges, beaver ponds could provide suitable
otter habitat, particularly in areas of limited deep water habitat. In
addition, abandoned beaver dens are occasionally utilized by otter
(Schwartz and Schwartz, 1959), and Knudsen (1959) indicated that
otter frequent beaver ponds where they can forage and play
—
in con-
trast to feeder streams where water depth is minimal.
Otter Foraging Strategy: Beaver impoundments would be of littlevalue
to otter ifpond characteristics were not compatible with the foraging
strategy ofotter. Liers (1951) observed otter foraging in a beaver pond,
and found that otter often rooted in debris and mud on the bottom
where they located frogs and other prey. Sheldon and Toll (1964)
described cooperative foraging by fishing otter. They observed otter
swimming on the surface about ten feet apart, then divingand swim-
ming rapidly toward a shallow cove in an apparent attempt toherd fish
into the shallows. The tactic was usually successful for capturing fish.
Otter in their study also visited stumps along the shore, presumably
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in search of crayfish. When fishing solitarily, otter swam along the
surface, rapidly divingupon location of prey. Seton (1909) discussed
the agilityof otters and their ability to capture even the fastest fish.
It is evident then, that the foraging strategy ofotter requires suffi-
cientlydeep water for chase manueverability, and that shallows, debris
and mud bottoms, and a log and stump edge are beneficial. Over one-
half of the acreage of beaver impounded water in Mississippi con-
tained shallows 2.5 feet or less in depth (Arner et al., 1969). Beaver
pools in headwater regions ofa north Missouri stream attained depths
ofup to four feet (Hanson and Campbell, 1963). Beaver dams are con-
structed of felled trees and bushes, which requires location in wooded
areas that provide a log or stump bank. Pool formation results in
sedimentation and therefore mud and debris bottoms (Gard, 1961;
Allred, 1980). Obviously beaver impoundments provide suitable habitat
lor otter foraging.
The Trophic Requirements of Oiler: Studies of otter food habits
throughout the United States consistently indicate fish, crayfish, and
amphibians to be dietary staples (Lagler and Ostenson, 1942; Wilson,
1954, 1959; Greer, 1955; Ryder, 1955; Hamilton, 1961; McDaniel, 1963;
Sheldon and Toll, 1964; Knudsen and Hale, 1968; Toweill,1974). Fishes
of many types, but primarily forage species, occur most frequently
(70-90% of specimens examined). Crayfish or invertebrates rank
second in importance, usually occurring in 30-40% of specimens ex-
amined. Mammals, birds, vegetation, and various aquatic insects oc-
cur infrequently.
Intermittent streams support the food items mentioned above, but
not in sufficient biomass to support otter populations. However, the
activity of a beaver colony may alter the environment, provide prey
habitat requirements, and promote a dramatic increase inprey biomass.
Benthic organisms supply the food base for many of the otter's prey.
Gard (1961) found that biomass ofbenthic organisms inbeaver ponds
increased 5X that ofnormal stream sections. Arner et al. (1969) also
found significant increases ininvertebrate biomass, as wellas more fish
species. Increases in diversity and biomass of fishes inbeaver ponds
is corroborated by Hanson and Campbell (1963). Beaver ponds sup-
ported a standing crop ofup to 256 pounds per acre, whilenatural pools
contained few fish larger than fingerlingsand a standing crop of about
60 pounds per acre.
These data indicate that trophic requirements of otter are supplied
by beaver ponds on smaller streams through enhancement ofall levels
of the food chain. Increased production of food items, especially forage
and rough fishes and crayfish, inviteotter into an otherwise marginal
habitat.
Harvest Data: Itappears that the increase inbeaver harvest (from
296 in the 1971-72 season to 6807 in the 1980-81 season) can be attributed
to a population increase, since price has had littleeffect onharvest levels
(r=0.18). However, otter harvests were correlated with price (r=0.76).
To reduce the harvest bias ofprice, mean otter pelt price over the nine
year period was divided by the actual yearly price, and this ratio was
multiplied by the yearly reported harvest. This treatment adjusts the
estimated harvest toward a more standardized price, so that harvest
from years with high prices are reduced and those from years with lower
prices are elevated. Adjusted harvest values were assumed to more
accurately represent a harvest not biased by price. It should be noted
that some otter are harvested bybecoming entangled inthe nets ofcom-
mercial fishermen, and therefore a non-trapping, year-long source of
bias may exist. The commercial fish hatchery inArkansas has grown
in the past few years and its effect on otter harvest is not known.
The correlation between beaver and adjusted otter harvest is strong
(r=0.97). Clearly, some of this correlation can be attributed to
trapping inaquatic habitats. However, most beaver are trapped on their
lodges or dams on smaller streams, and many otter are taken from those
locations as well. Acorrelation of this magnitude could indicate: 1)
that both populations are simultaneously, but independently, exper-
iencing proportional populational increases, or 2) that there is a
relationship between beaver population increases and otter population
increases (most likely,caused by inadvertant habitat improvement for
otter by beaver).
Bottorffet al.(1976), by corresponding with officials ofstate wildlife
agencies, obtained data supporting our belief in a beaver-otter relation-
ship. Respondents fromMassachusetts, New Hampshire, and Tennessee
stated that the majority of otter were caught in traps set specifically
forbeaver, and 25 to 50 percent of the otters harvested inMichigan
and Wisconsin were taken inbeaver sets. Further, a direct correlation
between the annual beaver harvest and otter harvest had been ob-
served for many years in Michigan, Wisconsin, and New Hampshire.
Tabor (1974) found that 28% of the otter taken in Oregon came from
small tributary streams and creeks, and that 15.8% of the otter taken
were caught in traps intended for beaver.
Several knowledgable trappers and furbuyers (N=12) throughout
Arkansas were asked whether or not otter could be found on smaller
streams. Invariably, the response was affirmative. When questioned
as to where one might look ona small stream to findotter, the response
always included a beaver dam and pond. Finally,approximately 500
acres of beaver impounded waters occur on lands managed by the Ross
Foundation ofArkadelphia, Arkansas, and otter sign is quite common
in these areas (Danny Adams, pers. comm.).
CONCLUSION
Apossible commensal relationship by river otter with beaver would
be facilitated through the development ofsuitable otter habitat inbeaver
ponds. This possibility was investigated through a literature synthesis
and analysis ofharvest records. It appears that beaver dams form ponds
whose characteristics provide preferred otter habitat, allow expression
of otter foraging strategy, and provide the trophic requirements of
otter. Otter in Arkansas' delta region are loosing valuable habitat to
channelization, swamp drainage, and clearing ofbottomland hardwood
forests (Holder, 1969). Beaver may partially mitigate the loss. Tumlison
et al. (1981) found the Arkansas River to be a dispersal corridor for
otter, because counties near the river reported higher takes than
counties not bordering the river. However, otter are expanding their
range into smaller streams in those areas, and it is known that they utilize
many beaver ponds. We feel that an increased beaver population
positively influenced otter pouplations inArkansas. We further sug-
gest that in regions of marginal otter habitat or where otter habitat
destruction is occurring, beaver and their activities may play a major
role in preventing extirpation of the otter.
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ABSTRACT
A new technique was developed tomeasure the amount of5-bromo-2 '-deoxyundine (BrdUrd), a thymidine
analogue, rapidly and conveniently inblood, and it was applied tomeasure the concentration ofBrdUrd
during the initiation of a paradigm for the labeling of DNA to measure the induction of sister chromatid
exchanges (SCE) by genotoxic agents. Radiolabelled BrdUrd was used and blood was drawn from the
abdominal aorta in pregnant Sprague-Dawley derived D rats. Using the hplc, the BrdUrd peak was easily
identifiable and separable from its metabolites. The BrdUrd level in the blood stabilized in 30 minutes,
and a level of about .4 mg% was enough to label the bone marrow and fetal tissue for SCE. Also, the
time course of the BrdUrd metabolites suggest a constant BrdUrd metabolism by the organism. Using
absorbance alone, blood levels of BrdUrd during paradigms of biological significance can be measured.
INTRODUCTION
The thymidine analogue 5-bromo-2'-deoxyuridine (BrdUrd), which
labels DNA permitting the measurement of the induction of sister
chromatid exhanges (SCE), is an important biological tool for estima-
tion ofgenotoxicity in vivo (Turturroet al., 1982; Kram et al., 1980)
and in vitro (Perry, 1979; Takehisa and Wolff, 1977). Italso has various
biologicaleffects including: mutation (Fishbein et al., 1970), sensitiza-
tion ofDNA lo radiation (Djordjevic and Szybalski, 1960), inhibition
of differentiation in developing systems (Stockdale et al., 1964; Clark,
1971) and the production of terata inmice (Skalko et al., 1971) and
hamsters (Ruffolo and Ferm, 1965). Quantitative interpretation of results
dependent upon the concentration of BrdUrd is limited, however,
because the compound is unstable in vivo,due to denomination as well
as deribosylation (Kriss and Revesz, 1962), both as a result of metabolism
and non-specific, chemical changes (Prusoff and Goz, 1975). Present
methods for the quantiiation ofBrdUrd in vivoare tedious (Kriss and
Revesz, 1962; Fink and Adams, 1966; Kinget al., 1982) or insensitive
(Malz, 1980). Toquantitate the levels of BrdUrdduring measurement
of SCE induction in vivousing a newly developed infusion technique,
a simple hplc technique was developed which permits the separation
of the parent halogenated pyrimidine from its various products.
MATERIALAND METHODS
Animal Preparation: Pregnant Sprague-Dawley derived CD rats of
110-130 days of age at Day 20 of gestation were the test animals since
these animals are routinely used for In utero measurement of SCE
induction by intraperiioneal perfusion (Turturro et al., 1982).
After light etherization the abdomens of the animals were opened
with a midline incision. The abdominal aorta was cannulated with 2
cm of a heparinized saline filled PE-50 polyethylene tubing (Clay-
Adams, Parsippany, N.J.) at a level just anterior to the bifurcation of
the iliac arteries. Asecond catheter for the BrdLhd infusion, .03 inch
o.d. soft Tygon tubing (A. Daigger, Chicago, 111.), was placed inthe
abdominal cavity. The animal was then placed in aBollman restrainer
cage (Bollman, 1948) and infused witha concentration of BrdUrd which
delivers a total dose of one gram/kg body weight ofBrdUrd over a
24 hour period in a 5% glucose solution at the rate of .78 ml/hr with
a perfusion pump (Harvard Perfusion Company, Mills,Mass.). This
is the dose used for measurement of SCE induction (Turturroet al.,
1982). As amarker, a tracer amount ofradioactive BrdUrd, 10 Cis of
5-(2-MC)-bromodeoxyuridine (44 mCi/mmol Sp. Act., New England
Nuclear, Boston, Mass.), was added to the infusion solution.
At timed intervals, ten drops of blood were collected from the aortic
catheter. The cannula was cleared with a small amount of heparinized
saline afler every sampling. The results from three animals at twenty
days gestation were averaged.
AnalyticalTechnique: Ninety fds of blood, obtained as described above,
were added to 10 n\s of a 50% PCA solution, mixed and immediately
centrifuged in a Beckman Microfuge B for one minute. The PCA-soluble
fraction was recentrifuged, adjusted to approximately pH 5 with ION
NaOH and injected into a 20 n\ sample chamber ofa Beckman Model
334 Density Gradient hplc. The column was eluted at 1.5 ml/min for
ten minutes with a 13°7o methanol (Fisher, Pittsburg, Pa., hplc grade)
in water solution on an Altex 4.6 mm X 25 cm ODS-Ultrasphere
column. Fractions were collected in scintillation vials.
The material eluted between one and 6.5 minutes was pooled together,
and the BrdUrd peak was collected from 7 to 8.5 minutes ofelution.
Analyticalgrade chemicals were purchased from Sigma Co. (St. Louis,
USA) except where noted.
Radioactivity Measurement: The fractions containing the BrdUrd peak
from the hplc were dried in a 50 °C oven overnight, reconstituted to
one ml with distilled water and mixed. The PCA-insoluble residue was
redissolved in 0.5 ml Soluene (Packard, Downer's Grove, III.)and heated
at 50 °Covernight. The samples were then reconstituted to one ml. Blood
serum was separated from the remainder of the timed sample not used
for PCA solubilization (approximately 60 /il) by centrifugation on a
Beckman Microfuge B forone minute and diluted to one ml with distilled
water. Tenmis of Biofluor (NewEngland Nuclear) were added to each,
and the samples were counted on a Searle Analytic 92LiquidScintilla-
tion counter. Aquench curve was constructed for the PCA-insoluble
fraction by adding radioactivity to samples with different levels of
quenching as defined by the external standard ratio (ERS). An aliquot
ofinfusion solution was also counted with every experiment as a con-
trol for variability in dilution of the radioactive BrdUrd.
Absorbance Measurement: Peak areas were determined either by the
Altex Model C-R1A integrator of the Model 334 hplc(at .2 absorbance
units full scale at 279 nin) or by weighing of peaks cut from the
integrator profile. Repeated measures of a 1 nanomole standard of
Brdurd were reproducible lowithin 2%. Peaks areas were quantitated
byinjection of known standard amounts of BrdUrd and also by quan-
titation of the radioactivity of the collected peak when tracer amounts
of the radioactive species was used. Values as low as 50 picomoles could
be estimated from absorbance alone.
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RESULTS
At 1.5 ml/min using a solvent of 13% methanol:water, BrdUrd
chromatographed as a single peak with a retention time of7.6 minutes.
The material in this peak co-chromatographed with pure BrdUrd for
a number of different retention times (varied by both modifying the
flow rate of the solvent and varying the percent of methanol from 6
to 13%) and was identical in ultraviolet spectrum with pure BrdUrd
dissolved in13% methanohwater solution (Figure1). The BrdUrd peak
was stable in infusion solution forat least twohours when kept in a
plastic microtube (Figure 2). The products associated with BrdUrd in-
fusion chromatograph with different retention times than the parent
material. This is demonstrated for the major known metabolites of
BrdUrd, uracil and 5-bromouracil (Kriss and Revesz, 1962) in Figure
3, as well as for 5-bromouridine. Thus, the material that eluted from
one minute (when the material from the injected sample first passes
through the column) to 6.5 minutes, just before the BrdUrd peak, was
pooled into one fraction and denoted BrdUrd metabolites. Also,
injected radioactivity could be quantitatively accounted for ifthe two
fractions were added together. Comparison ofhplc profiles of the PCA-
soluble fraction ofblood in infused animals (shown after 30 minutes
in Figure 4A) and control profiles (Figure 4B),shows the BrdUrdpeak
clearly separated from the normal constituents of the fraction unlike
some of BrdUrd metabolites (such as uracil)which are difficult to deter-
mine accurately from absorbance alone since they are submerged in a
number of peaks at early retention times.
Total radioactivity as a function of time in the PCA-soluble
fraction ofblood, given as the amount ofBrdUrd to which the radioac-
tivityis equivalent, and serum are shown in Figure 5. The time course
of the radioactivity contained in the PCA-insoluble fraction is also
included. Taken together, the whole blood level of BrdUrd and its
metabolites can be determined. These data demonstrate an increase in
radioactivity with time, with relatively less ofan increase in serum than
inthe PCA-insoluble fraction. The smallest increase is observed in the
PCA-soluble blood fraction. Inthe last, the blood levels of BrdUrd
(as defined by both absorbance at 279 nm and radioactivity of the
BrdUrd peak) during infusion are given at Figure 6. The BrdUrd level
reaches equilibrium after approximately 30 minutes and remains relative-
lyconstant, while the level of BrdUrd metabolites in blood increases
linearly as a function of time.
Figure 2. BrdUrd profile after two hours.
Figure 3. HPLC profile of BrdUrd (a) and uracil (b), 5-bromouraeil
(c) and 5-bromouridine (d).
Figure 4. HPLC profile of the PCA-soluble fraction ofa catherterized
rat a) 30 minutes after the start of infusion and b) control (before onset
of infusion). Arrow denotes BrdUrd peak, asterisk and dot denote
metabolite peaks.
Figure 1. Ultraviolet spectrum ofmaterial from the BrdUrd peak and
BrdUrd in 13% methanol: water. Peak I= BrdUrd in 13%
methanohwater; peak II= directly from column.
79
Journal of the Arkansas Academy of Science, Vol. 36 [1982], Art. 1
Published by Arkansas Academy of Science, 1982
Arkansas Academy of Science Proceedings, Vol. XXXVI,198278
Blood Levels of 5-Bromo-2'-Deoxyuridine in Intraperitoneal Infusion
The concentration ofBrdUrd plateaus at approximately 140 ngms/20
/ils of the PCA-soluble fraction. This is approximately .35 /ignis per
90 /*ls which converts to .39 mg°7o of free BrdUrd in whole blood. This
level is sufficient to label clearly the chromosomes ofcells in metaphase
in maternal bone marrow and to provide enough material for
placental transfer to label metaphases in fetal cells (Turturroet al., 1982).
DISCUSSION
This technique is able to rapidly and conveniently separate BrdUrd
fromits metabolites in the blood with minimum treatment ofthe blood
sample. Other methodologies require either extensive separation from
the blood and tedious procedures (Kriss and Revesz, 1962; Fink and
Adams, 1966; Kingetal., 1982) or require more than 20 gms ofmaterial
fordetection (Matz, 1980), which is clearly too insensitive for measur-
ingblood BrdUrd levels.
The data inthis paper are the first in vivomeasurement of BrdUrd
blood levels after initiatinga continuous infusion paradigm successful
formeasurement of SCE. The blood levels ofBrdUrd using pellet im-
plantation ofBrdUrd (Kinget al., 1982) initiallyrise precipitously for
up to 7 hours to high values and then fall to very low levels, with a
mean close to the BrdUrd concentration measured here. The data
presented here demonstrate that the intraperitoneal application of
BrdUrd forSCE visualization results in a fairly stable levelofBrdUrd
inless than thirty minutes. Also, intraperitoneal administration seems
to provide a steady rise in BrdUrd level up to a plateau. BrdUrd con-
centration can influence the number ofSCE (Wolffand Perry, 1974)
so, in avoiding these violent fluctuations in levels, it is a reasonable
assumption that this approach will enhance accurate quantitation of
SCE in vivo.
Ablood levelof.39 mg% is about a tenth of that used to determine
SCE induction in vitro (Perry, 1979; Takehisa and Wolff, 1977). In
vitro determinations usually exhibit a higher frequency of "spon-
taneous" SCE, i.e., control SCE values, than in vivo, which now can
be seen as a direct result of the higher BrdUrd level in vitro.
The PCA-soluble fraction, serum and the PCA-insoluble fraction all
accumulate radioactivity with time in a fairly linear fashion from
thirtyminutes onward. The rate ofaccumulation increases with the pro-
portion of BrdUrd derivatives not in solution, suggesting that the
accumulations result from a constant BrdUrd level, i.e., the free BrdUrd,
which is metabolized and bound to protein and other blood components.
The amount ofradioactivity in the PCA-soluble fraction is derived from
two components, the level ofBrdUrd, which is fairly stable, and the
level of other products associated with BrdUrd infusion, which are
linearly increasing. Since the liverquicklymetabolizes BrdUrd (Kriss
and Revesz, 1962) most of the products associated with the infused
material are probably the results of metabolic rather than non-specific
breakdown. The linear increase of products with time suggests that either
infused degradation products are accumulating at a constant rate or
BrdUrd metabolism is going on at a constant rate with residue of
metabolism increasing in the blood. The undetectable levels of
breakdown products in the infusion solution, even after two hours, weigh
against the firstexplanation. Therefore, the level of the metabolites seem
tobe some overall measure ofthe accumulated metabolism of BrdUrd.
BrdUrd metabolism, and its correlate, thymidine metabolism, may
therefore be evaluated cumulatively in the organism, an important factor
in studies of DNA and DNA metabolism.
Abenefit of the technique presented is that it is sensitive enough to
permit the measurement of biologicallysignificant levels of BrdUrd in
blood without using radioactivity. Measuring the BrdUrd level by ab-
sorbance allows determinations to be made quickly without the cost
and inconvenience of using radiolabeled species ifmetabolite estima-
tion is not important. Coupled with radioactivity, the technique
permits the easy determination of the levels of BrdUrd and its
metabolites, important in the evaluation of the biological effects of the
agent and in understanding the results ofits use.
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EARLY STAGES OF PRAIRIE RESTORATION
ON A 1.5 HECTARE FIELD
INFAULKNER COUNTY, ARKANSAS
ROBERT WRIGHT and DONALD CULWELL
Department of Biology
University of Central Arkansas
Conway, Arkansas 72032
ABSTRACT
A plotof land on the University of Central Arkansas campus has been permanently designated as a
Nature Reserve which is to remain much as it is with woods and open, grassy fields for class use and
other educational purposes. The 1.5 hectare open field is a particularly good site for prairie restoration,
since the area has not been under cultivation in recent time. Andropogon gerardi, A. scoparius,
Sorghastrum avenaceum, Panicum virgatum, Liatris pycnostachya, Eryngium yuccifolium,
Rudbeckia hirta, and Helianthus sp. are examples of plants naturally occurring here with some
frequency. A number of other plants typical ofprairie remnants inArkansas occur but some are insmaller
numbers. Vegetation monitoringhas included compilation ofa species list and frequency of species sampled
during the fall of 1981 as well as gathering of quantitative data on the percent cover. Restoration has
included elimination of some encroaching woody species and burning as well as aprogram involving seed
collection, sowing and transplant operations.
INTRODUCTION
On June 18, 1980, at the request of the Biology Department, the UCA
Board of Trustees set aside 4.1 ha of unspoiled land as a Nature Reserve.
This tract, located on the west side of the UCA campus bordering
Farris Road in Conway, consists ofan approximately 1.5 ha open field
surrounded on three sides by a southern red oak-sweet gum forest. The
close proximity of this open field to grassland which appears tobe prairie
remnant may indicate that it,too, once supported prairie vegetation.
The reserve is adjacent to a larger track ofland, extending approximately
0.8 km to the south and 6.4 km along highway 286, where open fields
of4-40 ha exist that are mowed for hay or grazed by cattle. One of
these, a 7-8 ha field, supports growth that could be considered to be
a portion of remnant prairie, although not in prime condition (Culwell,
1980). Here large numbers ofCastilleja coccinea (Indian Paintbrush)
and other species typical of Arkansas prairie can be found. An adja-
cent 28 ha has vegetation similar to that on the Henze property although
this grazed and mowed land has not been extensively studied.
The small size of the open field in the UCA Nature Reserve may be
quite typicalofmany "outlyer" prairie areas that once were inArkan-
sas (Irving and Brenholts, 1977). The prairies ofcentral Arkansas, on
the eastern edge ofthe true western prairies, were often isolated within
deciduous forests in the more mesic midwest; such areas, extending as
far east as Pennsylvania and south toLouisiana, were called "outlyers."
A number of species in the open field of the UCA Nature Reserve
appear to be those of prairies that were typical in central Arkansas
around 1900 (Arkansas Department of Planning, 1974). Land use of
the open UCA field has been one or two annual mowings for hay
during the past 35 years; cultivation has not occurred here in recent
time ifat all.
Soil of the UCA prairie which is of the Taft series, consists ofsilt
loam underlain by silt clay loam that restricts root and water move-
ment; the water table is within 30 to 61 cm. of the soil surface during
rainy periods of the winter and spring. This soil, pH 4.5-5.5 (derived
predominantly from shale and sandstone), is poorly drained (USDA,
1979).
SAMPLING METHODS
To assess the condition of the open field as a prairie prior to
extensive restoration management, analysis of the current vegetational
patterns is necessary. Fall flora was measured during September, 1981,
through the use of 15 line transects. Data were analyzed for cover and
frequency. Based on apparent vegetation and topography there
seemed tobe three somewhat different portions to the prairie area which
were sampled as separate units for comparison (six 10 m transects in
two areas and three 10 m transects in the other). Species present in the
open field, but not sampled with the above technique, have been
recorded (Table 1); nomenclature follows that ofSmith (1978); voucher
specimens have been deposited in the UCAVascular Plant Herbarium.






Ambrosia bidentata Michx. Ragweed
Hoi tnnl.i diffuse III. Boltonia
Erechtites hieraciifolia (L.j Raf. Fireweed
Heienium fiexuosum Raf. Sneezeweed
Helianthus mollis Lam. Ashy Sunflower
Solidago l'eptocephala T. S G.
Solidago n'emom'lii Ait. Old-field Goldenrod
Hypericaceae
Hypericum drummondii (Grev. S Hook.) T. & G. N1ts-and-l ice
Hypericum mutilum L.' Dwarf St. John's-wort
Liliaceae
Smilax glauca Walter Greenbrier
Scrophulariaceae
Bacopa acuminata (Walt.) Robins Water Hyssop
Builini'ni .l'mpric aiiiiI. Illue Heart";
BratiQH vHcifluU Pennell Hedge Hyssop
Lobelia sp.
Penstemon alluviorum Pennell Beard Tongue
SAMPLING RESULTS AND DISCUSSION
Analysis of the fall flora shows Andropoon scoparius to be the single
highlydominant species (50% cover; see Table 2). It has long been
known that A. scoparius is the dominant species of upland or drier
prairie sites whileA.gerardi is more typicaloflowlands (Weaver, 1954).
The drier portions of the UCA prairie supported scattered stands of
A.gerardi while A.scoparius was widely found, even in the more mesic
areas. Irvinget al. (1980) state that A. virginicus and A. ternarious.
although atypical species, aredominants ofnearly all burned and mowed
prairies ofeast-central Arkansas. Perhaps A.scoparius is dominant on
the UCA tract due to lighter land use over the years. Sub-dominants
included A. virginicus and Aster pilosus (10 - 15% cover). Allother
species sampled had cover less than 7.2% (Table 2). Density data are
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not presented, since the sod-forming grasses are not comparable with strongly recommends painting the cutstumps with a mixture of 2, 4-D
forbs. The line transects intercepted 46 species. and 2, 4,5-T mixed with fuel oil tokillthe root system thus preventing
The three sections ofprairie that appeared tobe topographically and sprouting, which willbe done where fire has failed to conlrol woody
vegetatively different prior to sampling where shown to be so. The growth. Plans for 1982 include vegetation analysis during May and again
northern portion, flat but reasonably well-drained, had virtuallycon- in July.
linuous cover by Andropogon scoparius (88%). The southeastern por- Seeds from native prairie remnants have been collected and stratified
tion, the lowest section of the field where the soil is frequently very (Schopmeyer, 1974) for planting in randomly cultivated areas within
wet duringperiods ofgreater rainfall, included Andropogon scoparius the prairie (Rock, 1977). These species include: Lespedeza capitata,
(18% cover); A. virginicus (36% cover) and Aristida sp. (13% cover) Echinacea pallida, Buchnera americana, Helianthus mollls, Pensleimm
as co-dominants. On the southwestern portion, which was on the highest sp., Camassia scilloidei, Chrysanthemum leucanthemum, Silphium
elevation and driest soil,Andropogon scoparius (37'% cover), A.gerardi laciniatum and Dianlhus armeria.
(17% cover), and Sorghastrum avenaceum (8% cover) were dominant
(the latter two species were very scarce elsewhere in the prairie).
Table 2. Mean Per Cent Cover and Frequency for Species Sampled by
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Andropoqon scoparius Michx. LittleBluestem 50.1 100
ftndr'ononon virginicu's L. Broomsedge 15.5 80
r.-, iiilo'.ir, Willd. White Heath Aster 13.4 100
ATTstida sp. Three-awn 7.2 LITERATURE CITED
Sorghastrum avenaceum(Michx.) Nash Indian Grass 4.4 47
PanicuW anceps Michx. Beaked Panicum 3.6 67
AndripogoiT?e7ardi vitman Big Bluestem 3.4 20 ARKANSAS DEPARTMENT OF PLANNING. 1974. Arkansas
Vernoma missurica Raf. Ironweed 3.1 natural arpa nlan IiiilpRrwL- Arl^nn^nc J'Xln
i',r,p,iium fiorjdanum Michx. Florida Paspai um 2.7 20 t r l area pl , Little Kock, rkansas. Zi/p.
i.it.ivpycnoV.tochy,) Hir.hx. Button Snakeroot 2.5 20
in!t1"no f1sr"s d°iiil>t'ic. wiiui Beggar Ticks 2.2 u CULWELL,D.E. 1980. Remnant prairie in Faulkner Co., Arkansas?i\'."ii!,"i'u!-i i,ifvcMidix'! Field Paspaium 73 Proc. Ark. Acad. Sci. 34:107-108.
¦ iiic in- m ii|,.iriuni i.iiii. Velvet Panic 1.6 60
P^5|5ih|2uni tc 1.6 IRVING, R. S., and S. BRENHOLTS. 1977. An ecological recon-
stiff-leaved Aster 1.3 33 naissance of the Roth and Konecny prairies. Report toArk. Nat.







IRVING,R. S.,S. BRENHOLTS, andT. FOTJ. 1980. Composition
®1 and net primary production ofnative prairies in eastern Arkan-Panicum virgatum L. Switchgrass 0.7 7 F ..-,,», ,„, nn -,«„
RhiiriF'iiiariana L. Meadow Beauty 0.6 47 Sas. Amer. Midi. Nat. 103:298-309.
Andropoqon sp. 0.5 20
.;i!m iuni rotundi fol iumI. 0.5 13
Heterotheca viliosa TWrsh) shinners 0.5 13 KILBURN,P. D. 1970. Hillprairie restoration. fNProceedings of a
[U!!if0jn^n *e[ B™tOTweed° nWeed Symposium on Prairie and Prairie Restoration. Knox College
PaspaiuiTsp
—
0 5 Biological Field Station Special Publication No. 3, Galesburg,
SetW-geniculataaa^Beauv. "otroot^^ ? Illinois. 66p.Tndens_ strictusJNutt.) Nash Longspike Tridens 0.5 27
iPFl^uccifoiium Michx Rattlesnake Master 03 13 KUCERA, C. L. 1970. Ecological effects of fireon tallgrass prairie.
Het»roth«ca
C qraiiHnifoiia (Micto. i Grats-lMvsd Boldan InProceedings of a Symposium on Prairie and Prairie Restora-
Rubus s
shinners Aster tion- Knox College Biological Field Station Special Publication
ROdEeckia hirta L. Black-eyed Susan 0.2 No. 3, Galesburg, Illinois. 66p.
raaceae sp. 0.1 7
Hypericum sp 0 113uquidarnbar styraciflua l. Sweet Gum ROCK, H. W. 1977. Prairie propagation handbook. 5th ed. Wehr
{Wonychia sp. Nature Center, Milwaukee County Park System, Wisconsin. 75p.
yiihinthcmum mutiium (Michx. )
* * r
Pers. Mountain Mint 0.1 7
9^|tspm s oak SCHOPMEYER, C. S. 1974. Seeds of woody plants in the United States.ViranThfs~sp P Ladies 'Tresses AgriculturalHandbook No. 450. Forest Service, U.S. Depart-Itrophostyies'umbeiiata (Muhi. ment of Agriculture, Washington, D.C. 883p.
Poaceae sp. 0.1 7
SMITH, E. B.1978. An Atlas and Annotated List of the Vascular Plants
of Ark. University ofArk. Bookstore, Fayetteville, AR. 592p.
RESTORATION MANAGEMENT
USDA SOIL CONSERVATION SERVICE AND ARKANSAS
Current restoration procedure since designation of the Nature Reserve AGRICULTURAL EXPERIMENT STATION. 1979. Soil
has included a burn conducted on March 9, 1982. Very little new spring survey of Faulkner County, Arkansas. 86p.
growth had emerged by that time; the soil was quite wet and the early
morning moisture prevented flame from reaching the ground surface WEAVER, J. E. 1954. North American prairie. Johnsen Pub. Co.,
where a few buds had burst. Kucera (1970) estimated that a three-year Lincoln, Nebraska. 348p.
interval between burnings is feasible tomaintain gross dominance and
st'll retain species diversity of forbs typical of the native plant com-
munity.As ofApril1, 1982, the burn appeared to have killedabove-
ground portions of the majority ofencroaching woody seedlings that
had grown during 1981.
Approximately 0.2 ha of woody sapling and tree growth has been
cut where encroachment upon the open field was greatest. Kilburn (1970)
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SELECTION OF BREEDING PONDS BY THE RINGED SALAMANDER,AMBYSTOMAANNULATUM
The ringed salamander, Ambystoma annulatum, is a fossorial woodland species restricted to isolated populations in the Ozark Plateaus and
Ouachita Mountains. They migrate to ponds to breed and oviposit during heavy fallrains. Their success depends upon suitable woodland habitat
and breeding ponds.
Several investigators have studied the range and natural history ofAmbystoma annulatum (Stejneger, 1894; Brimleyand Brimley,1951; Blair,
1952; Trapp, 1956, 1959; Spotila and Beumer, 1970; Bonati, 1980). Trapp (1959) noted that the four breeding ponds she studied contained some
form ofvegetation of varying amounts, were shallow and muddy and contained no fish. She also noted that a short expanse of woodland area
was adjacent to all ponds. Spotila and Beumer (1970) added that A. annulatum probably migrates to specific breeding ponds each year; similar
to A. maculatum. The purpose of this investigation was to better define the characteristics of A.annulatum breeding ponds.
Two areas innorthwest Arkansas which have populations ofA. annulatum were chosen to study. The first area was located approximately
7.5 miles NE of Fayetteville, Washington County, Arkansas. The second was located over a broader area 2-5 miles west of Decatur, Benton
County, Arkansas. Six pairs of ponds were investigated. Each pair consisted ofa breeding pond and a pond of similar morphometry within 400
yards that was not used as a breeding site. The ponds were numbered 1-12 such that even numbered ponds were used by salamanders.
Measurements of dissolved oxygen (D.O.), temperature of the water and air, pH, conductivity, total organic carbon and turbiditywere taken
at each pond. Relative humidityand rainfall were also noted during migration periods. These data were collected just before dawn to insure measurement
of D.O. at the low point in the diel cycle. Several measurements ofD. O. taken in different parts ofeach pond were averaged. Breeding activities
near Decatur began before the Fayetteville site. From 4 to 25 visits were made to each of the ponds at night and during the day to observe movements
of the salamanders and note the occurrance of egg masses.
Adult salamanders were observed in and around the ponds at both study sites for a period of approximately two weeks. Migration to the ponds
occurred in the largest numbers during or shortly after precipitation, although some individuals were seen migrating to ponds on partly cloudy
nights with intermittent strong moonlight. Mass courtship, liebenspiel (Noble, 1931), was not observed, but it may have occurred and not have
been seen due to the turbid water conditions. Eggs occurred attached to vegetation and on the bottom.
Numerous egg masses and one adult were found on 29 September 1981 west of Decatur. Fifteen adults were recorded traveling toward a
pond on the night of7 October 1981. The temperature of the soil was 13.0° C, and water 15.0° C. The relative humidity was 90% and there was
no preciptation. On 13 October 1981, 25-30 were observed to be headed toward a pond northeast ofFayetteville. A lightrain was fallingand the
relative humidity was 99%. The temperature of the soil was 17.0° C, air 20.0° C, and water 17.0° C.
The physical-chemical data are summarized in the Table. Breeding ponds generally had slightlyhigher dissolved oxygen concentrations, although
not significantly different. Temperatures were virtuallyidentical between pond pairs (see Table). There was a significant difference (t = 3.46, p<0.05) in pH with the ponds used for breeding being slightlymore acid. The pH of some ponds would decrease after a rain and gradually increase
to pH6-7 within two weeks. Neither conductivity nor total organic carbon showed any obvious relationship to the presence ofbreeding salamanders
in the ponds. Ponds used for breeding were considerably more turbid (t = 3.00, p <0.05) than the ponds notused. Allbreeding ponds were
located in open pasture near woodlands and were heavily used by livestock (five by cattle; one by horses). Use by livestock resulted in greater
turbidity and fewer aquatic macrophytes. According to land owners, none of the 12 ponds dryup in years with normal rainfall. Salamanders at
both study areas were observed passing within 20 meters of some ponds while headed for a more distant pond for mating.
Results of this study indicate that A. annulatum migrates to specific breeding ponds in open areas near woodlands which normally retain
water all year. These ponds without exception are heavily used by livestock, have a high turbidity, and contain fewer macrophytes than adjacent
ponds. These ponds are also slightlymore acid than ponds notused by A. annulatum. Spotila and Beumer (1970) stated that while humidity and
temperature are the most important factors in the spring migration ofA. maculatum, heavy rain (greater than 1.27 cm) is the most important
factor to A.annulatum. Early fall in the Ozarks is a very dry time and a rainfall greater than 1.27 cm would certainly be required to wet the soil
sufficiently to maintain a high enough humidity to allow migration to breeding ponds. After the initial migration was triggered by heavy rain,
salamander movements were observed on nights when the humidity was high. The rain is necessary, but like A. maculatum, A. annulatum
migration is heavily dependent upon humidity level.
When the first settlers arrived in Arkansas, the native mammal fauna included buffalo (Sealander, 1979). These animals wallow in mud to
free themselves from insect pests (Palmer and Fowler, 1975). The ponds frequented by buffalo deepened with time because ofdredging effects.
The ringed salamander apparently adapted to using these buffalo-wallow ponds. Their increased turbidityoffered some protection for the larvae
from predators using visual cues. Also, these ponds probably insured sufficient water for breeding activity. Continued success of this salamander
species appears to be related to the present methods of livestock production in the Ozarks.
84
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WATER CHEMISTRY OF FARM PONDS INARKANSAS
There are more than 100,000 farm ponds in Arkansas. Most were constructed in the last 30 years for multipleuse purposes and are used
for fish production, swimming, livestock drinking water, domestic household water, and irrigation.» Water quality concerns led us to begin an educational program in the fall of 1978 aimed at farm pond management. More than 1,000 water)les were tested at farm pond clinics during the following three-year period using the University ofArkansas Mobile Lab (Figure). Objectivesto: 1) Characterize water chemistry of farm ponds, 2) make recommendations to farm pond owners based on water chemistry, and 3) collectsummarize water chemistry data for future reference.
I
Water samples from farm ponds were taken by the owners on the day the samples were analyzed. Measurements of total alkalinity, total
ness, specific conductance, turbidity,iron, nitrate, pH and other analyses were made, using a Hach Water Analysis Kit(Model DR-EL/4).
Kit is similar to the one used by Horn and Garner in their pre-impoundment studies of Beaver Reservor (1965). The Hach Kitutilizes wet
lical methods described in standard methods published byAPHA/AWWAW/WPCF (1975). Results from the use of the kit compare favorably
those obtained by standerd chemical methods (Boyd, 1977, 1979). Totalalkalinitywas titrated to the Brom Cresol Green-Methyl Red endpoint
0.02 Nsulfuric acid. Total hardness was titrated with TitraVer Hardness Titrant (ethylene diamine tetracetic acid disodium salt). The specific
uctance was determined by an electrical conductivity meter with a range of0-20,000 micromhos per centimeter (/imhos/cm). Iron was deter-
dby the 1,10-Phenanthroline method at 510 nm.Nitrate was determined by the cadmium reduction method at 500 nm. Total hardness, alkalinity,
te, and iron, were reported as milligramsper liter (mg/1). Turbidity was determined by the absorptometric method at 450 nm expressed in
lazin Turbidity Units (FTU), which are equivalent to Jackson units. Aportable digitalpH meter, capable of measuring pH over the full0-14
e, was used to determine the pH.
IIn general, water samples from ponds in the 39 counties reflected differences in soils and
geology (Tables 1 and 2). Fish ponds in Chicot
ty were an exception to this. These ponds are filled from wells containing relatively highconcentrations ofsalts. Essentially, all of the other
:are filled from surface rainwater.
I
The farm pond analyses were summarized in Table 3 according to major soil areas as described by the Soil Conservation Service (1967).
d waters from the Ozark Highlands reflect the limestone geology. These waters contain relatively high mineral contents. Incontrast, the sand-
e and shale geology ofthe Boston Mountains, Arkansas ValleyUplands, Ouachita Mountains, and Coastal Plains is reflected by the relatively
mineral content of the waters. The four samples collected from farm ponds in the Blackland Prairie area reflect the chalky, limestone geology.
One major environmental concern is that ofnitrates in drinking water. Inno case did pond water nitrates exceed the U. S. Public Health
Service standard (1962) of 45 mg/1. Average nitrate values exceeded 2 mg/1 in only two counties.
IMost of the farm pond water samples from the Bottomlands and Terraces area were
from Chicot County. They reflect well waters high in
salts (average specific conductance of 1787 average turbidity of 15 FTU). Major soil areas were not identified for more than half
e pond samples.
Water samples were collected in 8 different months from April through December during the three-year sampling period. Analyses of the
samples did not seem to reflect definite trends in water chemistry by month of sampling.
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Water tested from farm ponds in 39 Arkansas counties reflected soil differences except where well water was used to fillthe ponds. In these
cases, the pond water reflected the well water chemistry. Nomajor chemical trends were noted as to month ofsampling. No water sample exceeded
the 45 mg/1 nitrate level established by the U.S. Public Health Service for drinkingwater quality. Average values foriron were around 1.0 mg/i
for most samples. These waters would have to be treated for iron removal before they could be used for normal household use.
Figure. Counties where farm pond waters were tested (1978-1981).
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POLYCULTURE OF GIANTMALAYSIANPRAWNS (MACROBRACHIUM ROSENBERGI1)
AND FATHEADMINNOWS (PIMEPHALES PROMELAS)
Since the discovery of the complete life cycle of the Malaysian prawn, Macrobrachium rosenbergii, a promising aquacultural industry has
developed (Ling,1962). Being native to tropical areas ofSoutheast Asia (Ling, 1962), Malaysian prawn culture in the United States has been limited
to Hawaii (Fujimura, 1974), Puerto Rico (Prince and Watters, 1976) and the southern continental United States (Smith et al., 1976; Willis and
Berrigan, 1977a; Perry et al., 1981).» Polyculture of freshwater prawns with other aquatic organisms has been undertaken in recent years. Species cultured with prawns includead carp (Aristichthys nobilis), silver carp (Hypophthalmichthys molitrix), white amur (Ctenopharyngodon idella), common carp (Cyprinuso) (R. J. Baur, pers. comm., Illinois Natural History Survey, Kinmundy) and channel catfish (Ictalurus punctatus) (Huner et al., 1980).
IIncertain
geographic areas, bait fish culture has emerged as an important industry. Based upon annual monetary farm sales, minnow farming
largest aquacultural industry in the United States, with the fathead minnow (Pimephales promelas) being one of the three most frequently
ed bait fishes (Brown, 1980).
Since prawns are already established incertain regions as food, bait, and ornamental organisms (Berrigan et al., 1978), polyculture with fathead
minnows would enable a bait culturist to raise a specialized crop of high value in addition to fathead minnow production.
1Polyculture ofprawns and fathead minnows was conducted in two 0.3 ha earthern ponds at the Joe Hogan State Fish Hatchery, Lonoke,isas. Prawn post-larvae from the Anunue Fisheries Research Center inHonolulu, Hawaii, were stocked at densities of 17/m;and 24/m*.ing density of fathead minnows was 30 kg/ha.
Feed utilized was a pelleted catfish ration containing 30% protein and 10% fish meal. Feeding rate was initially14% of prawn body weight
per day, but was later decreased to 4% of prawn body weight per day.
Sampling of prawns was conducted at two week intervals. Sampling included collection by shoreline seining and measuring of rostrum to
telson length for prawns captured (Perry et al., 1981).
IAt
harvest, total weights were obtained forprawns and fathead minnows. Mean lengths and weights were taken for prawns. One hundred
duals ofeach, per pond, were measured to obtain mean measurements. Food conversion ratios were calculated by dividing total weight of
is and minnows produced by the total weight of feed places in the ponds.
K
Survivalof prawn post-larvae was excellent duringshipment (Table 1). However, after stocking, survival deceased drastically. Complete prawn
ality occurred in one pond. This mortality may have been caused by insecticide drift from local agriculture and/or mosquito control applica-
since the pond's location was inthe proximity of such activities. Survival ofprawns in the second pond was 39% with mortality determined
:the result of predation by aquatic insects, wading birds and semi-aquatic snakes and turtles. Aquaria observations also indicated that
ibalism could have contributed significantly to prawn mortality.
ILarge size variation (2.0 to 20.0 g and 5.7 to 14.0 cm) was noted among prawns at harvest (Table 2) and was probably due to the "bull"phenomenon described by Smith et al. (1976). Prevention of this phenomenon and the resultant harvest of a larger-sized, more uniformmight have been achieved by periodically removing larger prawns (Berrigan et al., 1978).
iPrawn
production was low (371.7 kg/ha) and may have been affected by the stocking density utilized (Willisand Berrigan, 1977b) and the
size of prawns stocked into the ponds (Ling,1969; Willis et al., 1976). Perhaps the factor most inhibitinggrowth ofprawns was the climate
ned, 95 day growing season.
B Fathead minnow production (Table 2) was excellent (373 kg/ha and 443.5 kg/ha). Production
equaled or exceeded average production data
athead minnow producers in Arkansas (Henderson et al., 1978; Freeze and Fiegel, 1980), the largest producer ofbait fish in the United States
wn, 1980).
tNet
feet conversion ratios (Table 2) strongly suggest that natural food organisms were being utilized by both prawns and minnows, in addition
e commercial pellets. Itis probable that plant materials were ingested by both minnows and prawns (Willisand Berrigan, 1977a; Giudice et
980). Inaddition, fecal material might have been utilized by the prawns (Johnanenes and Satoni, 1966; Frankenburg and Smith, 1967). Other
sources available to the larger prawns included fathead minnows and smaller prawns. Aquaria observations revealed strong tendencies toward
ibalism and prawns were observed on numerous occasions to feed upon fathead minnows. The feed used appeared tohave acceptable palatability.
t prawns held in aquaria were observed to readily consume the pellets.» Although no replications existed in this study, the indication that Giant Malaysian prawns may be reared with fathead minnows withoutrently affecting minnow production, suggests a possible new use of prawns in the southern United States. However, further evaluation ofal areas are needed before this type ofpolyculture becomes a reality. Stocking densities should be established which would allow maximum
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production of both prawns and minnows. Also, further evaluations ofselective prawn harvest is needed to determine the feasibility of this type
of harvest. Considering the relatively high cost ofpurchasing prawn post-larvae, the economics of this type of polyculture should also be closely
examined.
Table 1. Stocking rates utilized in polyculture of Giant Malaysian
Prawns and Fathead Minnows.
Table 2. Harvest data from polyculture ofGiant Malaysian Prawns
and Fathead Minnows.
Mean lotjl Height (kg? per
Length (im) Stocked (tq) Hectare
10.2 9.1 30.3
10.2 9.1 30.3




r""" F.lW.a Hiyow Binton f^Pond Number stocked Per m* WeUHt (q]
A 19,000 17 0.04
28,500 24 0.04
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CAVE FAUNA OF ARKANSAS: FURTHER RECORDS
This report represents the fourth in a series ofreports describing the fauna of Arkansas caves. The first paper included records ofselected
invertebrate taxa (McDaniel and Smith, 1976); the second included a summary ofvertebrate records (McDaniel and Gardner, 1977); and the third
included additional records ofboth invertebrate and vertebrate taxa (McDanielet al., 1979). Inthis paper we update previous records with respect
to collections and/or identifications made during the past three years.
The number of troglobites (obligate cavernicoles) known to inhabit any one cave continues to increase, as does the distribution of
cavernicolous taxa reported from Arkansas.
Methodology was as reported earlier (McDaniel and Smith, 1976) in which collection ofspecimens was minimal and usually for the purpose
of identification only. Allforms collected by the authors are represented by voucher specimens in the collections at Arkansas State University,
or in the taxonomic collections of other recognized researchers.
We have included notable records ofextinct faunal elements reported by Hawksley et al. (1980), Youngsteadt and Youngsteadt (1980) and
a recent record of Typhlichthys subterraneus by Paige et al. (1981) in an effort to collate information on Arkansas cavernicoles.
For newly reported taxa, we have again included probable ecological position in the cave environment, and we continue to utilize the terms
troglobite, troglophile, trogloxene, and accidental (Barr, 1963).






Chauliodes sp. Accidental; Izard Co.; Clay Cave.
Order Diptera
Family Calliphoridae
undetermined sp. Accidental; Stone Co.; Wind Tunnel Cave.
Family Streblidae
undetermined sp. Trogloxene; Marion Co.; Blue Heaven Cave





Ursus americanus Trogloxene; Stone Co.; Wind Tunnel Cave.
Skeletal remains of a juvenileblack bear were located far into the cave suggesting a former entrance. Searcy Co.; Hurricane River Cave.
Youngsteadt and Youngsteadt (1980) reported signs and remains ofblack bear.
Family Felidae
Smilodon floridanus Trogloxene; Searcy Co.; Hurricane River Cave.
This extinct species was reported by Hawksley et al. (1980).
Assistance in identification ofspecimens is gratefullyacknowledged from T.C. Barr, carabids; N.B. Causey, millipedes;
J. R. Holsinger, amphipods; L.Knutson, insects; J. Lewis and T. Bowman, isopods; and G. Steyskal, heleomyzids.
TABLE
TAXON NEW RECORD(S) TAXON NEW RECORDS
Bactrurus mucronatus Randolph Co.: Mansell C. Typhlotriton spelaeus Fulton Co.: Richardson C:
Caecidotea antricola Baxter Co.: Roper C. Stone Co.: Wind Tunnel C.
Scoterpes sp. Searcy Co.: Davis Pit: Rana palustris Baxter Co.: Grahum C.
Stone Co.: Roland C. Storeria occipitomaculata Baxter Co.: Grahum C:
Auturus evides Fulton Co.: Richardson C. Stone Co.: Hell Creek C.
Pseudopolydesmus pinetorum Fulton Co.: Richardson C: Virginia valerie elegans Baxter Co.: Grahum C:
Searcy Co.: Davis Pit Stone Co.: Hell Creek C.
Ptomaphagus cavernicola Stone Co.: Bald Scrabby C.
Sinella barri Randolph Co.: Mansell C.
Agkislrodon contortrix Baxter Co.: Grahum C.
l . contortrix
Staphilinidae: Izard Co.: Clay C.S Baxter Co. Myotis grisescens Stone Co.: Wind Tunnel C.
undetermined sp. Roper C.i Fulton Co. Pipistrellus subflavus Baxter Co. Grahum C.i
Stone Co.: Wind Tunnel C.Richardson C.
Amoebalaria defessa Stone Co.: Wind Tunnel C. Neotoma floridana Fulton Co.: Richardson C.
Stone Co.: Wind Tunnel C.Exechia Fulton Co.: Richard C.
Neuratelia sp. IzardCo.: Clay C. Peromyscus attwateri
Microtus pinetorum
Stone Co.: Wind Tunnel C.
Baxter Co.: Grahum C.iPhoridae: undetermined sp. Fulton Co.: Richardson C.
Tipulidae: undetermined sp. Izard Co.: Clay C.
Typhlichthys subterraneus Fulton Co.: Richardson C.
Eurycea longicauda Stone Co.: Hell Creek C.
Stone Co.: Wind Tunnel C.
Fulton Co.: Richardson C.
Fulton Co.: Richardson C.




Eurycea lucifuga Izard Co.: unnamed C.
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AQUATIC MACROINVERTEBRATE TAXAPRESENT IN TWO
OZARK SPRINGS INRANDOLPH COUNTY, ARKANSAS
Previous studies concerning the aquatic macroinvertebrates found in the Ozark Plateau ofArkansas have dealt only with stream populations
(Sublette, 1956; Van Kirk,1962; Aggus and Warren, 1965; Robison and Harp, 1971; McGary and Harp, 1972; Cather and Harp, 1975). None
have involved aquatic macroinvertebrate communities in cold water springs. The Salem Plateau section of the Ozark Plateau province supplies
many cold water springs of varying size. This is largely due to the abundance of limestone and dolomite, which provides a good geologic base
for the development of springs (Croneis, 1930; Thornbury, 1965). Spring basins provide a slightlydifferent habitat for aquatic macroinvertebrate
communities. Temperatures and water levels generally are confined to a more narrow range than in a stream and experience minimal seasonal
variations with regard to several other physiochemical parameters (Clifford, 1966). However, temperatures are not so limitingas in cold water
discharges from main stem reservoirs (McGary and Harp, 1972).
The springs that were sampled were designated Spring Iand Spring II.Spring Iis located in S7, T20N, R1E inRandolph County, Arkansas,
and is considered tobe a permanent spring. Itis at an elevation of 110 m and has an average volume flow of65.5 cc/sec that flows in a southward
direction. This spring is surrounded by grassy pastureland which has not had any domestic grazing for more than eight years. The spring is shaded
by one sycamore tree (Plantanus occidentalis) with one eastern red cedar (Juniperus virginiana) located about 15 m to the west. A small, spring-fed
pond occurs about 100 m to the west. The spring basin was dredged over a year ago and its greatest depth is 1 m. The north end has an almost
vertical drop, and this deep end covers approximately 25 percent of the basin's surface area. The rest of the basin ranges in depth from 0.08 to
0.23 m. The basin has a mean width of2.13 m.
Spring IIis located in S27, T20N, R2W, Randolph Co., Arkansas. It is a smaller spring in terms of volume flow and basin size. The volume
flowceased temporarily during the driest part of the 1980 summer drought, but the spring was still able to maintain most ofits basin size. This
spring lies at an elevation of 140 m and has an average volume flow of 57.8 cc/sec. Spring IIis not nearly as open as Spring I,but rather is
surrounded by an oak-hickory forest with thick undergrowth which provides shade throughout the entire day. It has been free of domestic animals
formore than eight years and is about 200 m from a small creek. This spring varies in depth from 0.08 to 0.18 m. Itsbasin has a mean width of1.22 m.
Data were collected biweekly from each spring from 26 Aprilthrough 13 June 1981. Ambient and water temperatures were taken using a
standard Celsius thermometer. Water was tested for pH, nitrate (NOi), carbon dioxide, ammonium nitrogen and phosphate (PO 4) using Hach
water test kits 17-N, NI-11, CA-23, NI-8 and PO-19/PO-19A, respectively. Spatial measurements were made by using a standard yardstick an
converting values to metric units. Spring volume flow was measured at the outflow from the basin by a modification ofthe mean-sectional methoi
(Butler, 1957). The first and third macroinvertebrate samples were collected by use of a fine mesh aquatic dip net. The second and fourth
macroinvertebrate samples were obtained by use ofa 12 volt-DC BioQuip blacklight collecting light.Two adult odonates were obtained using an
aerial net. Samples were preserved in 70 percent ethanol. Aquatic organisms were identified according to Pennak (1978), with the exception of
Gerridae which were identified according toKittle (1980). Allsamples were quantified by standardizing the length of the sampling period, specifically
one hour.
To minimize the effects of extrinsic factors, springs were sampled under similar logistic conditions. Water quality was quite similar forboth
springs, and little fluctuation occurred in the physicochemical parameters measured during the study period (Table 1). This is typical of springs
(Clifford, 1966), and is derived from the ground waters flowing through similar geologic formations. Carbon dioxide, ammonium nitrate and phosphate
were never present in detectable concentrations in either spring. A total of225 organisms representing 13 taxa was collected from Spring I,while
only 80 organisms of8 taxa were collected from Spring II(Table 2). The reduced taxonomic diversity resulted primarilyfrom the limitingfactor
ofa rather low constant water temperature. Numerical standing crop was moderate, considering the small basin size of these two springs. The
lower numerical standing crop and reduced diversity in Spring IIwere probably derived from its less constant discharge (which ceased during the
height of the 1980 drought). Further, this spring is shaded throughout the day, thus reducing photosynthesis and therefore autochthonous food
materials. The smaller size of this basin may also have been a contributing factor. Crangonyx was the most abundant organism inboth springs,
constituting 67 and 51 percent of the organisms in Springs Iand II,respectively. Isoperla was the second most abundant organism in Spring 1
(11%), while Gerris was second most abundant in Spring II(29%). Crangonyx is an omnivorous, general scavenger. Gerris usually eat a variety
ofcrustaceans and aquatic insects that they catch just below the water surface, but alternatively may consume terrestrial insects that fall into the
water. Isoperla is polyphagous, but is primarilypredatory on other aquatic insects (Pennak, 1978). The dominance of these organisms implies that
primary production and other autochthonous food sources were minimal in these two springs.
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Table 1. Physicochemical parameters for Springs Iand II,Randolph
County, Arkansas (26 April-13 June 1981).
Date Spring Air Temp. Water Temp. pH nitrate
°£ esn
26-IV I 31 18 7.5 20
II 30 15 7.5 22
10-V I 23 15 8.0 20
II 22 14 7.7 20
23-V I 26 17 8.0 20
II 26 15 7.7 20
13-VI I 27 17 8.0 20
II 27 16 7.5 20
Table 2. Aquaticmacroinvertebrates, expressed as relative abundance,
for Springs Iand II,Randolph County, Arkansas (26 April-13 June
1981).
!AXA Spring I Spring II
GASTROPODA 0 7
AMPHIPODA
Ci.ni^onyx forbesi (Hubricht Mackin) 150
Gammarus pseudol imnaeus Bousfield 18
41
0
Hyalella azteca (Saussure) 2 0
DECAPODA 0 1
HEMIPTERA
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DARK REPAIR OF LETHAL DAMAGE INDUCED INA HYBRIDMAMMALIAN
TISSUE CULTURE CELL LINE BY ULTRAVIOLETLIGHT*
I
Dark (non-photoreactivation) intracellular mechanisms that repair ultraviolet light (UV)-induced lesions in nuclear DNA are known to
itriburte significantly to the resistance shown by many prokaryotic cells to such UV-induced effects as loss ofcolony forming ability,mutations,
Idivision delay (Rupert and Harm, 1966; Smith, 1977). Anumber ofstudies indicate that at least two such mechanisms function in some mam-
lian cells (Cleaver, 1974). HeLa cancer tissue culture cells possess a mechanism that may be analogous to the "excision" repair mechanism found
nany UV-resistant bacteria (Regan et al., 1968). Another mechanism has been detected inrodent cells (Cleaver, 1974) that is a post DNA replica-
irepair process similar to "recombinational" (recom) repair found in some UV-resistant bacteria (Rupp and Howard-Flanders, 1968). A study
Meyn et al. (1974) suggests that both of these mechanisms function inmany mammalian cells, but with varying efficiencies. For example, V79
nster cells exhibit both excision and recom repair but the recom repair mechanism dominates, while HeLa cells appear to exhibit efficient exci-
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sion repair, but little ifany recom repair. Present understanding of the nature and interactions of excision and recom repair inmammalian cells
is far from adequate and further investigation is certainly indicated. We report here our initial attempt in this direction by studying resistance to
UV-induced cell killingin a hybrid cell line that may possess the genetic potential for efficient repair by both excision and recombination.
A hybridcell line was developed by fusion of V79 hamster and HeLa tissue culture cells. The V79B hamster cell line described by Bender
et. al. (1973) and a HeLa tissue culture line obtained from Dr. Joel Bedford of Colorado State University were fused by the polyethylene Glycol
(P.E.G.) technique developed by Davidson and Gerald (1976). Single cells from this fused culture were then isolated into Falcon tissue-culture
microtest plates, one cell per well. Approximately three percent of the isolated cells formed colonies that were the progenitors of cultures with
significant plating efficiencies. The culture chosen for experimentation had a plating efficiency of 44 percent.
Routine techniques, such as cell culture maintenance, incubations, irradiations, single cell plating and survival (colony forming ability)assayes,
described in detail elsewhere (Griggs and Bender, 1972), were applied. Vigorously growing log-phase cultures were selected for all experiments.
Results of the initial survival study (Figure 1) were somewhat surprising because the kinetics for the three cell lines did notdiffer significantly.
It was anticipated that the hybrid line wouldexhibit a greater resistance to UV-induced cell killing,for the genetic potential for efficient repair
by excision and recombination was contributed by respective cells hybridized. Eighty-six percent of the hybrid cells contained 98 chromosomes
(22 V79 and 76 HeLa), in good agreement with the combined complements of the parent lines (22 for 98 percent of the V79 and 76 for96 percent
of the HeLa). The hybridcomplement did not vary significantly during the experimentation.
Among the possible interpretations of the data ofFigure !coupled with the chromosomal data is the possibility that at least one of the repair
mechanisms functions with reduced efficiency in the hybrid cells. Enzymatic radiation repair systems are usually temperature sensitive (Rupert
and Harm, 1966). Ifthe recom and excision mechanisms exhibited significantly different temperature sensitivities, then comparison of the effects
ofvariable post irradiation incubation temperatures on the survival kinetics of the hybrid and parent lines might indicate which mechanism func-
tions more efficiently in the hybrid line. However, our data (Table) indicate no marked difference inresponse of irradiated cells to temperature
variations. Since recom repair in the parent V79 line is inhibited bycaffeine while excision repair inthe parent HeLa line is not (Griggs, unpublished
data), a pilot study (Figure 2) of the effects ofcaffeine on the repair ofUV-induced lethal damage in the hybrid line was carried out in another
attempt to identify the repair mechanism responsible for survival in the hybrid line. Caffeine greatly enhances the degree of cell killinginduced
by UV doses in the range 0-150 ergs/mm 2 inboth the V79 parent line and the hybrid line, but has little, ifany, effect on the HeLa parent line.
Comparison of the similarities inkinetics for the V79 and hybrid lines, inthe presence and absence of caffeine (Figures 1,2) suggest that the recom
repair mechanism is responsible for practically all the associated repair. The excision mechanism is virtually shut down or suppressed.*
Research supported in part by NCI Grant CA 18809-06.
Table. Survival ofV79, HeLa and V79-HeLa hybrid cells which were
exposed to 100 ergs/mm 2 UV and then incubated at the temperatures
indicated. 1000 cells were plated at each temperature foreach cell line.
°C V79 HeLa V79-HeLa
32 0.01 0.01 0.02
33 0.01 0.02 0.01
34 0.04 0.05 0.05
35 0.10 0.13 0.09
36 0.13 0.14 0.12
37 0.15 0.19 0.14
3B 0.12 0.13 0.11
39 0.06 0.10 0.09
40 0.06 0.08 0.06
Figure 1. Survival of V79
(circles), HeLa (triangles), and
V79-HeLa (squares) cells follow-
ingUV irradiations. Entire ex-
periment conducted at 37 °C.
Plating efficiencies were V79




fraction = number of colonies
assayed at each dose point/
number of colonies assayed for
control (0 ergs/mm' point).
Figure 2. Survival of V79
(circles), HeLa (triangles), and
V79-HeLa (squares) cells ex-
posed to the indicated doses of
UVand then incubated at 37 °C
in medium containing 0.0008
moles per liter caffeine. Surviv-
ing fraction = number of
colonies assayed at each dose
point/number of colonies
assayed for control (0ergs/mm'
point).
18 0 I.' 0.13 0.11
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PROTECTIVE IMMUNERESPONSES OF RABBITS TO ASCARIS SUUM LARVAL ANTIGENS
Parasitic nematode larvae frequently release physiologically active substances during and after hatching and moultingprocesses. These substances
include enzymes which are often antigenic. Soulsby (1958) stated that most antigenic activity of Ascaris suum was associated with moulting.Sarles
(1932) observed that Trichostrongylus larvae placed in immune homologous serum developed precipitates around various orifices such as the mouth,
excretory pore and annus. Similar findings were reported for Ascaris and Trichinella (Mauss, 1941).
IMills and Kent
(1965) reported that the antigens found in incubation media were excreted and/or secreted by Trichinalla spiralis larvae and
involved in the formation of immune precipitates. They demonstrated that these materials, when injected into mice, confer a certain degree
munity.
Thorson (1956) studied the effect ofserum from a dog resistant to infection with Ancylostoma caninum and found that itinhibited proteinase
activity in esophageal saline extracts of adult hookworms. He demonstrated (1956a) that injectionof the extracts into dogs inhibited the growth
and maturation of the worms in a challenge infection.
Rogers (1958) described the hatching mechanism of Ascaris lumbricoides and revealed the presence ofchitinase and esterase in the hatching
fluid (H.F.) released by the larvae during hatching. Hinck and Ivey (1976) detected proteinase activity in Ascaris suum hatching fluid and in the
excretions and secretions (E.S.) produced by the second stage larvae after hatching. Finch (1977) also found proteolytic activity in E.S. and somatic
extract of Ascaris suum third stage larvae. Hinck (1971) demonstrated that both antihatching fluid and infection antisera inhibited hatching fluid
proteinase. The present study was conducted to determine ifimmunization with Ascaris suum larval antigens provided any protection from infection.
Mature, female Ascaris suum were collected at a local abattoir. The methods for collecting, processing and embryonating eggs and the
iques employed for in vitro hatching and processing of hatching fluid have been previously described (Hinck and Ivey, 1976).
Third stage larvae were collected by infecting approximately twelve week old rabbits per os with 1,000,000 infective eggs. Viabilitywas deter-
mined by microscopically examining the eggs for the presence of motile, second stage larvae. The per cent ofinfective eggs was determined and
appropriate dilutions were made using deionized water. Five days post-infection the rabbits were sacrificed and the lungs removed aseptically. The
lungs were placed in a Virtis homogenizer along with 0.85 per cent NaCl and homogenized at high speed for approximately 20 seconds. Larvae
were recovered by using a modified Baermann apparatus. After two hours, larvae were collected and washed with sterile deionized water to remove
erythrocytes and hemoglobin. Washed larvae were centrifuged and either disrupted by sonic oscillation or incubated to produce excretions and secretions.
ILarval somatic extract was prepared by subjecting larvae, suspended in 0.85 per cent NaCl, to sonic vibration at 80,000 cycles per secondia sonic oscillator (Kewaunee Scientific Equipment) for thirty minutes. The sonicate was incubated at 4 C for 2 hours, centrifuged for 1 hour5,000 X G at 4 C, dialyzed against four changes of deionized water, lyophillizedand stored at 4C.¦ Excretions and secretions oflarvae were collected byincubating larvae for 24 hours at 38 C in sterile Eagle's Medium containing 10 mcg/mlamycin (Schering), added to inhibit bacterial growth. After incubation the E.S. was processed as previously described for the somatic extract.
I
Two month old rabbits were injected subcutaneously with 3.0 mg of a particular larval antigen reconstituted in 0.85 per cent NaCl mixed
ian equal volume of Freund's complete adjuvant. After three weeks, those rabbits which produced a positive Arthus reaction were given a
lenge dose of 100,000 infective eggs. Five days later the rabbits were sacrificed and the larvae recovered by the modified Baermann technique,
larvae were quantitated by making serial dilutions followed by a microscopic count of all larvae in 0.02 ml. This count was multiplied by
dilution factor to give a total recovery count. Controls of nonimmunized rabbits were infected for comparison.
I
Immunization ofrabbits with various larval antigen preparations resulted in lowered numbers of third stage larvae recovered as compared
onimmunized controls (Table). Immunization with hatching fluid produced a 19 per cent decrease in larval recovery while immunization with
second stage E.S. resulted ina 17 per cent decrease. Enzyme studies with hatching fluid and second stage E.S. revealed similar levels of
einase activity in the two preparations (Hinck, 1971). Measured proteinase activity in third stage E.S., however, was nearly half that ofH.F.
second stage E.S. while other enzymes found inH.F. and/or second stage E.S. were not detected at all in third stage E.S. (Finch, 1977). It
is possible that enzymes produced during hatching and for some time afterward by the hatched second stage larvae might be important for
early intrahost migrations of the larvae. After reaching the lungs and moulting to the third stage it is likelythat invasive enzymes would be
:ss value. Animmune response to the enzymes produced during the early phases of the intrahost migration would conceivably have a more
ective effect than a response directed to the third stage E.S. This idea is compatible with the data since only a 7 per cent decrease of larval
very was noted in rabbits injected with third stage E.S.
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Immunization with somatic extracts provided essentially the same degree ofprotection as seen in the Table. With both second and third stage
extracts, the decrease in larval recovery was approximately 25 per cent. It is possible that the antigenic makeup ofboth preparations is sufficiently
similar so that immunization with either would provide protection against the early phase of the larval migration. Since the extract contains somatic
antigens as well as enzymes released during homogenization, an immune response could be directed against the enzymes and against the larva itself,
It would seemingly offer a number of possible mechanisms for interfering with its growth, migration, moulting, etc.
Table. Protective immunization with hatching fluid, excretions and
secretions and somatic extract antigens from Ascaris suum developmen-
tal stages.
Sanplu Viable Larvae recovered % Decrease In
after challenge larval recovery
Nonlmunu control 26,78n ± H25
IvxcrvtlonMand Hccrvtiona 21,812 + 834 17
Somatic i-xtract 19,320 + 993 26
Hatching fluid 21,245 + 716 19
Third stand
NonimmiiK' control 23,039 + 931
Kxcrctlona and wcretinna 21,387 + 360 7
Bomntli- oxtrnct 18,364 + 516 24
"Vnliica ropri-aent tlic moan of riv« s.'i>.ir.itc. trials (J_ standard deviation).
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STATUS OF THE SMALL-FOOTED BAT,MYOTIS LEIB11 LE1B11, IN THE SOUTHERN OZARKS
Although three vespertilionid bats of the southern Ozarks (the gray bat, Myotis grisescens; the Indiana bat, M. sodalis; and the Ozark
big-eared bat, Plecotus townsendii ingens) are listed by the U. S. Fish &Wildlife Service as endangered, the small-footed bat, M. leibii leibii, is
actually the rarest and least known bat occurring in the region. While the range of this bat is extensive (Hall, 1981), it is often regarded as the
rarest bat of the eastern United States (Robbins et al., 1977). Interestingly, western subspecies are at least locally abundant (Webb and Jones,
1952; Farney and Jones, 1980).
Studies of the distribution and/or biology of the small-footed bat are hampered by the confusing nomenclature associated with earlier studies.
Many workers in the past, and Hall recently, have utilized the specific epithet subiilatus for the small-footed bat. This is confusing because prior
to 1928, the specific epithet subiilatus was applied to Keen's bat, M. keenii. We utilize the name M. leibii for the small-footed bat in compliance
with recent checklists by Jones et al. (1979).
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The small-footed bat is one of the smallest North American members of the nearly cosmopolitan genus, Myotis. Ithas a reported head and
body length of only 34.4 to 48.0 mm. Adult pelage is normally long and somewhat silky in appearance. Dorsal coloration ranges from a light
buff toa golden brown, and the venter ranges from buffy to almost white (Hall,1981). The ears and face are noticably black, impartinga masked
appearance. However, the most diagnostic feature of this bat is its disproportionately small foot.
The skull of M. leibii is understandably small and delicate. The braincase is obviously flattened, and slopes upward only gradually from
the rostrum; the prominent forehead of many species ofMyotis is lacking. Hall (1981) reported a greatest length of skull for the small-footed
bat of 13.1 to 14.7 mm. However, in a mensural examination ofMyotis skulls from the Ozarks, we found an average greatest length ofskull of
only 12.8 mm and a range of 12.1 to 13.4 mm foreight adults. Hall reported zygomatic breadth to range from 8 to 9 mm,but Ozark specimens
averaged only 7.4 mm and ranged from 7.1 to 7.5 mm. Hall reported breadth of braincase to range from 6.2 to 7.1 mm, but Ozark specimens
averaged only 6.3 mm and ranged from 6.1 to 6.4 mm. Finally, Hall reported maxillary tooth row to range from 4.8 to 5.5 mm in length, but
Ozark specimens averaged only 4.5 mm and ranged from 4.1 to 4.7 mm in length of maxillary tooth row. Clearly, for these and other characters,
our Ozark specimens of M. leibii are smaller than specimens from east and west of the Ozarks.
Althoughthe biologyofM.leibiiis somewhat speculative, our observations permit some interesting comments. The small-footed bat is generally
acknowledged to be basically a cave bat (Schwartz and Schwartz, 1981), but it is much less restricted to caves than is the gray bat, M.grlsescens.
Usually the small-footed bat overwinters in caves or mines. During summer months, it has been found in caves, buildings, and man-made cavities
inthe ground. Webb and Jones (1952) mentioned finding two small-footed bats under a loose strip of pine bark. Allour Ozark records, except
one from the face of a rock bluff, were from caves. Webb and Jones (1952) also reported the small-footed bat as frequently associated with big
brown bats, Eptesicus fuscus, inNebraskan barns. Our observations indicate that M.leibiiselects a wide array ofroost sites in the southern Ozarks,
and only occasionally utilizes the same cave roost sites as Eptesicus. Similar behavior was reported by Barbour and Davis (1969). Gunier and Elder
(1973) reported Missouri specimens ofM.leibii from dry, deep-cave passages only. Only a few of our specimens were taken from similar environs.
Sealander (1979) reported M.leibii from only two Arkansas counties, Searcy and Newton, and indicated an Arkansas range for this bat only
slightly larger than the area of the two counties. Further, he suggested that the small-footed bat probably occurs at scattered localities throughout
the western Ozark Mountains. We have accumulated numerous additional records of this bat from the Ozarks and can now substantially modify
Sealander's hypothesized range. These records include additional records from Newton and Searcy counties, Arkansas, and the first records from
two additional Arkansas counties and one Missouri county. Some of these records were retained as skin and skull preparations in the Collection
ofRecent Mammals at Arkansas State University (ASUMZ) and others were positively identified, sexed, weighed insome cases, and released unharmed.
None of the released bats were banded or in any way marked, and there was the possibility of repeated capture on a few nights. While many of
the following records (Table) were netted at cave mouths, others were found beneath rocks on cave floors, hanging near the floor on cave walls,
or wedged tightlyinto cracks in the manner ofEptesicus.
These new records clearly extend the range ofM. leibii to the extreme eastern edge of the Ozark plateau of Arkansas and Missouri. Addi-
tionally, the number ofindividuals encountered indicates a viable, established population rather than an occasional rare record. Finally, preliminary
mensural data intriguingly suggest the possibility of an, as yet, undescribed Ozark subspecies of this diminuitive bat.
Table. Records of Myotis leibii from the southern Ozarks.
Date Sex(es) Location* ASUKZ # ifnot
released
6 Dec 1975 1M Searcy Co., AR 1572
18 Jan 1976 IP Newton Co., AR 1820
2k Jan 1976 2P, 1M Madison Co., MO 1881, 1887, 1900
6 Peb 1976 IP, 1M Newton Co.. AR 1927, 1967
16 Feb 1979 IP Stone Co., AR
8 Mar 1979 IF Newton Co., AR
18 Aug 1979 IP, 1M Newton Co., AR
19 Aug 1979 1M Newton Co., AR
11 Sept 1979 IP, 2M Newton Co., AR
18 Sept 1979 3M Newton Co., AR
2 Oct 1979 1M Newton Co., AR
20 Oct 1979 1M Stone Co., AR 7218
30 Oet 1979 1M Newton Co., AR
1U Peb 1980 1M Newton Co., AR
15 Jun 1980 1M Independence Co., AR
20 Feb 1981 1M Newton Co., AR
8 Peb 1982 IP, 1? Newton Co., AR
*Specific cave locations are omitted since several of the caves
represent maternity sites, hibernacula, etc. for the endangered bats of
Arkansas.
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STRATIGRAPHY OF A PENNSYLVANIAN DELTAIC SEQUENCE INRUSSELLVILLE, ARKANSAS
A well exposed outcrop of the Upper Atoka Formation, the Hartshorne Sandstone, and the McAlester Formation is located in a road-cut
two miles south of the Russellville city limits along the east side of State Highway 7. It consists ofnorth dipping strata (75°) of Upper Atoka,
Hartshorne, and McAlester units of Pennsylvania age, including the Hartshorne coal. The rock units are the south flank of the Shinn Syncline,
where the Hartshorne Sandstone forms a resistant ridge.
The outcrop has been interpreted as a prograding delta complex. A coarsening, thickening upward sequence from the base supports this
interpretation (Figure).
The outcrop grades from shales at the southern end of the exposure, through silts and sands, into medium-grained, massive sands. Forty-six
feet oforganic rich silts including the Hartshorne coal are at the north end of the Hartshorne coal seam.
Deltaic Sequence. The exposure is a small delta complex with the total thickness of the study area being 238 feet. The outer fringe consists
ofshales and silty shales with lenses of fine sand. The sand-shale ratio increases upward progressively in the section. Bioturbation is evident in
the shales. The inner fringe consists ofinterbedded wavy,thinlylaminated, fine-grained sands; bedded fine- to medium-grained sands; and massive,
fine- to medium-grained sands. The coarser, thicker sands contain mica fragments and carbonized fossil plant debris. Two possible channel fills
consist of massive medium-grained sands, although these two units could be proximal inner fringe deposits under higher energy conditions.
Cross-bedding in both the inner fringe and channel(?) sands indicates a southern source (a northerly prograding delta). But cross-bedding
observed perpendicular to the outcrop, along the ridge, shows a possible eastern source (a westerly prograding delta). Both cross-bed sets are
probably diagonal sections of the true cross-bedding which would indicate a south-eastern source (a northwesterly prograding delta).
Ripple marks in the inner fringe sands suggest a north-flowing paleocurrent (a southerly source) because the downstream slopes of the ripples
are steeper than the upstream slopes (Ehlers, 1980, p. 334). This situation applies to the ripples marks of the inner fringe sands. Blatt (1980, p.
162), however, does warn that ripples marks are an inadequate method ofcurrent direction indication as proven bydye experiments with modern
shallow water sands. The upper sands of the inner fringe and channel(?) sands contain interference ripple marks with no current direction indication.
InAtoka time, deltaic sourcelands were generally to the north (the Ozark Plateau). But inHartshorne time, upliftin the frontal Ouachita
Mountains shifted deltaic patterns to an east-west flow (LeBlanc, 1981). The north-flowing paleocurrent, as seen in the beds, leads the authors
to believe that the outcrop was possibly a small lobe flowing to the north of the major Hartshorne deltaic system. Wanless (1970, p. 234) also




Unit 1 (Figure). The outer fringe is indicated byshales and silts with lenses of fine sands. Silts and clay are more prominant
with occasional fine sand lenses probably deposited by traction. The sand-shale ratio increases with progradation.
Bioturbation is abundant in the shales, although an invertebrate fauna is absent. This lack of fauna is probably due to continuous deposition
and the possibility of water salinity being lowered by fresh water input (Reading, 1978, p. 127). The siltynature of the rocks would indicate con-
tinuous deposition of sediment from suspension while the presence ofsand lenses indicates a close proximity to a sand source where periodic sand
inflow would accompany a fluctuation in salinity.
The Inner Fringe
—
Units 2-14 (Figure). The inner fringe consists of a sequence of wavy, thinlylaminated, fine-grained sandstone interbedded
with bedded fine- to medium-grained sandstones and massive beds of fine- to medium-grained sandstone.
The wavy, thinly laminated (1/8 to 1/4 inch thick) sands (units 3,4,6,8,12,14,16) represent periods of relatively inactive deposition. Drier
climates and droughts could account for a decreased river flow and less sediment being transported to the delta system.
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Figure. Index map and diagrammatic section of Pennsylvanian Deltaic sequence, Russellville, Arkansas.
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The line- to medium-grained bedded sandstone (units 4,61,8,10) interbedded with the wavy, thinlylaminated sandstone represent "periodic
flood-generated sediment incursions from the distributary mouth" as Reading (1978, p. 128) notes. These are deposited as mouth bars or blanket
sands. As the delta progrades, the occurrence of sand deposits becomes more frequent and thicker due to a closer source.
The massive fine- to medium-grained sands (units 5,7,9,1 1,13) represent intensive flooding upstream. Cross-bedding, ripple marks, and clay
pebbles are found in these deposits. The beds are thicker (3 to 8 inches) and generally are interbedded with very thinlaminae ofsilt and sand (1/8
inch thick). Fossilized organic debris found in these beds occur as isolated pockets ofcoal, carbonized leaf impressions, and casts of logs. A well-
preserved cast of Lepidodendron was found in unit 5. These deposits are also interpreted as mouth bar or blanket sand deposits.
Channel l)eposils(?)— Units 15 and 17 (Figure). Channel deposition is suggested bymassive medium-grained sandstone beds with large-scale
cross-bedding (6 inches) and ripple mark:; with higher amplitudes than those of lower units, indicating higher energy conditions (Blatt, 1980, p.
136). These units contain a greater percentage of organic debris and clay pebbles than the lower units. The organic debris and pebbles are also
larger than those found in the lower units.
The pebbles found in the sandstone are generally external molds although clay can be found in several of the pebble molds. The pebbles
are flat and found throughout the beds ofsand, not concentrated near any part of the bed. The pebbles were probably weathered outof the delta
plain silts and marshes upstream. Their large surface area and light weightallowed them to remain in suspension longer, therefore they are found
throughout the beds.
Large-scale cut-and-fill structures and basal lag deposits are usually associated with channel deposits (Reading, 1978, p. 221 and p. 126).
These features are not found in units 15 and 17. Cut-and-fill structures may have been destroyed by rock quarrying activity in the area. These
structures are "commonly 20 feet or more in thickness". No bed in units 15 or 17 are greater than two feet thick.
The channel features associated with units 15 and 17 give an impression ofchannel deposition. Lack ofother channel-related features indicate
possible inner fringe deposition. The features observed in units 15 and 17 could be the result of close proximity to the distributary mouth. High
flow conditions would be expected insuch a location. The authors rule out neither possible interpretation.
Delia Plain
—
Unit 18 (Figure). Delta plain deposits are represented by thinlylaminated siltstones with abundant plant fossils. A ten-foot
section of interbedded Hartshorne coal and siltstone represents an accumulation ofswamp vegetation which was converted to peat followingburial
(Wanless, 1970, p. 221).
ECONOMIC GEOLOGY
The Hartshorne coal of the Shinn Basin has two main seams, separated by about 30 feet of interbedded sandstone and shale (Stroud et al.,
1969, p. 336). The lower seam, seen in the outcrop, has been mined to a minor extent (Cohoon, 1974, p. 68). At the center of the basin, the seams
are as deep as 600 feet (Stroud el al., 1969, p. 336), therefore, miningof the lower seam is difficult. The upper seam has been mined extensively
around the margins of the basin, by both surface and subsurface methods. Currently (1982) there are no miningoperations in the area. Approx-
imately four million tons of recoverable coal remain in the basin (Cohoon, 1974, p. 69).
Sand and gravel pits are scattered throughout the Shinn Basin. The Hartshorne Sandstone is quarried extensively as crushed and dimension
stone in Logan County to the west. Crushed stone and filler material are quarried in the Russellville area.
SUMMARY
A prograding delta is indicated by a classic coarsening, thickening-upward sequence of strata from outer fringe shales in the lower beds,
through inner fringe sandstones with possible channels and then to delta plain siltstone and marsh and swamp coal.
Depth of the water duringdeposition can be estimated at less than 100 feet (Wanless, 1970, p. 239) with the sands "not transported beyond
50 feet (15m) water depth" (LeBlanc, 1972, p. 153).
Appreciation is extended to Mr. Raymond Stroud for his instructive suggestions and Dr.Richard Cohoon forproviding
information and suggestions. We wouldlike to thank Dr.Victor Vere for his guidance and support throughout this project.
We thank Steve Gates for drafting the figure.
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RECONNAISSANCE OF THE GROUND-WATER RESOURCES OF
STONE AND INDEPENDENCE COUNTIES, ARKANSAS
Ground water is utilized by most of the residents ofStone and Independence counties, Arkansas, but little is known about its occurrence
>iovement.
An early listing ofsome ground-water wells innorthern Arkansas was made by Branner (1973) without any hydrogeologic inter-
ions. Avery generalized statement of ground-water resources in Arkansas was made by Baker (1955), and a reconnaissance of the deep (greater
!000 feet in Stone and Independence counties) Roubidoux and Gasconade aquifers was made by Lamonds (1972). A recent study similar
pe to this one was published by Liebelt et al. (1980) for neighboring Baxter, Fulton, Izard, and Sharp counties. The purposes of the present
wer to define the water-producing horizons in Stone and Independence Counties and to determine the range indepth and yield for each aquifer.
One hundred and sixty-six rural water wells have drillers' lithologic logs were accurately plotted on 7Vi minute topographic maps with the
aid of county platt books. The formation that produced water in each well was determined from detailed geologic maps made by the Arkansas
Geologic Commission for the purpose ofproducing the geologic map of the state (Haley, 1976). Knowing the formation in which drillingbegan
for each well, and combining this with the drillers' crude lithologiclog and known average thickness of each formation (Caplain, 1954), it was
possible to determine which formation formed the aquifer. The rocks are essentially horizontal throughout most of the study area except adjacent
to normal faults. Most of the outcrops in Stone and Independence Counties range from Ordovician to Pennsylvanian in age. Wells producing
from rocks and sediments younger than Pennsylvanian were not studied.
iSix
aquifer zones were found to be utilized in Stone and Izard Counties. The Table shows the range, median, and mean depth and yield
ch aquifer zone. The median yieldof the aquifer zones was essentially the same (5 to 8 gpm). It is surprising to note that the shale and siltstone
such as the Morrow (Bloyd-Hale undifferentiated), Fayetteville, and Ruddell-Moorefield aquifers produce as much water as the limestones
n and Boone-St. Joe) and sandstones (St. Peter-Everton). This is probably due to the great number of bedding planes and closely-spaced
ires found inthe shales and siltstones. Unless conduits or fracture zones are intersected inlimestones and tightsandstones, the yieldwillusual-
low.
tThe
Table indicates that the Morrow (Bloyd-Hale undifferentiated) is the most utilized aquifer zone. This is largely due to Morrow cropping
a majority of the study area, but is also due toa greater population density found on Morrow rocks. Although the Boone-St. Joe aquifer
out inmuch of the study area, the population density is low due to it being more rugged and because it is largely Natural Forest Service
The St. Peter-Everton aquifer zone is the most productive, but crops out inonly a small portion of the study area and is presently too deep
er areas to be economically feasible. Therefore, the ground water sources of these counties have just begun to be utilized with much left
ture growth.
I
Apreliminary method ofdetermining the geologic controls on yield was made by using the Spearman Rank Correlation Coefficient statistical
iiegel, 1956) to compare welldepth, well yield,depth to bedrock (regolith thickness), depth to the water table, and piezometric surface level
:haquifer. This information was provided on the drillers' lithologiclogs. For each of the aquifers except the Boone-St. Joe limestone, regolith
less was found to be directly related (a = 0.1) to well yield and inversely related to depth to the water table. The regolith is usually thickest
fracture zones, where weathering proceeds most rapidly. This explains why higher yields are found where the regolith is thickest. Also, thick
th is expected in valleys where the water table is close to the surface. Likewise, valleys commonly form along fractures zones. Well yield
lso found to be inversely related to depth which can be explained by the closing of fractures with depth due to increase lithostatic pressure,
ler possible explanation is simply that a well that is located on fractured rock willobtain water at a shallow depth, whereas a well not located
fracture willprobably be a low producer no matter how far the well is drilled.
¦One conclusion that can be drawn from the range in yield (Table) is that some wells in each of the aquifers can have very high yields with:t to the mean. Future studies should look closely at the geologic conditions around such wells so that highyield wells can be better located.
LITERATURE CITED
¦iRTE. OGDEN, Assistant Director, Edwards AquiferResearch and Data Center, Southwest Texas State University, San Marcos, Texas 78666AMESR. MUSGROVE and LISA MILLIGAN,Department ofGeology, University of Arkansas, Fayetteville, Arkansas 72701.
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AN INFESTATION OF THE BATBUG CIMEX PILOSELLUS ON AN
ARKANSAS POPULATION OF BIG BROWN BATS(EPTES/CUS FUSCUS)
On 29 June 1981, an investigation was initiated on a maternity colony ofbigbrown bats, Eptesicus fuscus (Beauvois) in Brinkley, Monroe
County, Arkansas. The colony roosted in the attic of a 100-year-old colonial style home (much to the consternation of the owner), and extensive
guano deposits indicated bat utilization over a great number ofyears.
Bats were captured from dusk until midnight by hand and mist-netting. A total of49 female and subadult bats was captured, and 13 cimicids
were removed from them. Interestingly, all of the cimicids were attached to the plagiopatagium or uropatagium ofvolant bats, although Spencer
(Proc. Entomol. Soc. Brit.Col., 31:43-45, 1935. Taken from: Usinger, Monograph of Cimicidae, Entomol. Soc. Amer., College Park, Maryland,
p. 348, 1966) reported cimicids as seldom found on bats, but inhabiting roosting areas, where they could obtain their bloodmeal from a roosting
bat and return to a crack or crevice. Generally a single cimicid was found per bat, although three bats harbored two cimicids each. Allen (J. Mamm.,
2:53-57, 1921) reported an incidence of two cimicids behind the ears of a bigbrown bat.
Cimicids were transported to the laboratory, cleared, and identified as Cimex pilosellus Horvath (Hemiptera: Cimicidae: Pilosellus group).
This group is primarily ectoparasitic on bats and is apparently restricted to the Nearctic region (Usinger, 1966). C. pilosellus is distinguished from
other cimicids in this group by its long, narrow hemelytral pads, the shallowlycleft paragenital sinus, and setae having a stellate termination when
viewed microscopically (Usinger, 1966).
A second examination of the bat colony was conducted on 10 September 1981. At this time, additional cimicids were encountered on bats
and 15-20 were observed on the woodwork around the attic door.
Records of C. pilosellus associated with bigbrown bats are not uncommon (Phillips, Amer. Midi. Nat., 75:169-197, 1966; Usinger, p. 347,
1966), and records in association with other bats (e.g., Pipistrellus hesperus Hatfield, Antrozous pallidus LeConte, and several species ofMyotis)
are also known (Usinger, pp. 347-348, 1966; Dooley et al., .1. Mamm., 57:187-191, 1976). However, all previous records are from western North
America. The eastern-most records have been by Phillips (1966) from Leavenworth, Kansas, and Dooley et al. (1976) from Dona Ana County,
New Mexico, and El Paso County, Texas. Although Allen (1921) recorded C. pilosellus from Ithaca, New York, Usinger (1966) reassigned the
record to another member of the Pilosellus group, C. adjunctus Barber. Our Arkansas records, then, clearly extend the range of C. pilosellus east
of the recognized range and represent the first recorded bat bugs from an Arkansas bat colony.
The authors thank Harvey Barton for preparation and identification of the cimicids.
ALAND. PRICE, V. RICK MCDANIEL,and RENN TUMLISON, Department of Biological Science, Arkansas State University, Stale
University, Arkansas 72467.
SEVEN SIGNIFICANTVASCULAR PLANT RECORDS FOR ARKANSAS
During 1981 the staff of the Arkansas Natural Heritage Commission performed extensive field work. Four previously unreported species
were added to the State's flora:
Carex bromoides Willd. GARLAND CO.: along Meyer's Creek, in cherty soil, fullshade, 3.2 km NW ofMeyers, S17 T3S R22W; 21 April1981
Rettig & K. Smith 220 (VDB).
Carex hitchcockiana Dewey. NEWTON CO.: along Leatherwood Creek, deep shade, cherty soil, overstory primarily ofFagus grandifolia and
Liquidambar styraciflua ca. 1.6 km E of Ponca, S30 T16N R22W; 6 May 1981, Rettig & K. Smith 282 (VDB).
Carex pensvlvanica Lam. POLK CO.: the understory dominant on south side of Rich Mountain near crest in stunted hardwood forest, abundant,
ca. 0.5 km W of Rich Mountain fire tower along Ouachita Trail, S17 T1S R31W; 27 April1981, Rettig & R. Davis 238 (VDB).
Aster sericeus Vent. IZARDCO.: approximately 15 individuals on prairie-like opening oflimestone derivation atop Devil's Knob-Devil's Backbone,
ca. 30 km NE ofMt. View,S34 T16N R10W; 8 October 1981, William Shepherd & D. Etchieson I(APCR).
Three additional species were reported for the first time in at least thirty years:
Sagittaria ambigua J. G. Sm. CLARK CO.: few plants in standing water in roadside ditch adjacent to natural opening in forest, full sun, soil
gray and clayey with occasional gravel, ca. 12.9 km SE of Arkadelphia, S8 T8S R18W; 17 May 1981, Rettig & M.Rettig 313 (VDB). This species
was reported previously for Arkansas by Demaree (A catalogue of the vascular plants ofArkansas. Taxodium 1:1-88, 1943).
Carex leptalea Wahlenb. MONTGOMERY CO.: abundant in very rich moist humus of small, seepy area, with Magnolia tripetala & Smilax sp.,
along U.S. Forest Service road #177, ca. 14 km W of U.S. Hwy 270, S8 T3S R24W; 27 April1981, Rettig & R. Davis 234 (VDB). This species
was collected previously in Garland Co., on wet silicious rocks about spring, near Lofton, 10 May 1925, E. J. Palmer 27132 (UARK).
Carex prasina Walenb. Allcollection data same as the Montgomery Co. site forC. leptalea, Rettig & R. Davis 235 (VDB).This species was collected
previously inBenton Co., vicinity of War Eagle, altitude 110O'-1300', 12 May 1928, D. Demaree 5050 (UARK).
The author is grateful to Dr.Gary Tucker of Arkansas Tech University (APCR) for verifying the identification ofAster
sericeus and to Dr. Robert Krai of Vanderbilt University (VDB) for identifying all other species. The author is grateful also
to Dr. Tucker and William Shepherd for critical review of the manuscript. Allnomenclature follows Kartesz and Kartesz (A
synonymized checklist of the vascular flora of the United States, Canada, and Greenland. Univ. of North Carolina Press,
Chapel Hill,498 pp., 1980).
J. H. RETTIG, Arkansas Natural Heritage Commission, Suite 500, Continental Building, Main & Markham, LittleRock, Arkansas 72201
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NEW AND INTERESTING PLANTS FOR THE ARKANSAS FLORA FROM NORTHEASTERN ARKANSAS
Over the past years the author has collected several plant specimens that have not been cited for the state or have been mentioned from a
single location, etc. by Smith (1978). Certain plants known to occur in the state from the central or western portions are now cited as occurring
in the eastern secion of the state.
The plants are listed alphabetically by families and genera. Fernald (1950) and Steyermark (1963) have been used foridentification purposes,
etc. Voucher specimens are on file in the herbarium at Arkansas State University (STAR) and were collected by the author.
MONOCOTYLEDONEAE (Monocotyledons)
Commelinaceae (Spiderwort Family)
Tradescantia subaspera Ker (Spiderwort)
Craighead Co., along small creek, 1Vi mi W of Valley View. E. L.Richards, 6222; July 29, 1974. TI4N, R3E, S33. This plant was first
mentioned in the state by Johnson (1971) for Poinsett County.
Lawrence Co., low area along railroad, 2.3 mi S of Ravenden. E. L.Richards, 6031; June 2, 1972. TI8N, R2W, S8
Cyperaceae (Sedge Family)
Carex scoparia Schk. (Sedge)
Clay Co., edge of field near St. Francis River, about 2 V*mi NW ofSt. Francis. E. L.Richards, 4056; June 4, 1965. T2IN,R8E, SI. Reported
by Smith (1978) as the only location for the state.
Carex swanii (Fern.) Mackenz. (Sedge)
Greene Co., in boggy area of upper Scatter Creek, V/imi SW of Lafe. E. L.Richards, 7588; May 26, 1980. TI8N, R5E, S2I. Reported
in Smith (1978) for Polk Co.
fyridaceae (Yellow-eyed Grass FamilyXyris torta Sm. (Yellow-eyed Grass)
Greene Co., in bog of Scatter Creek, 2Vi mi SW of Lafe. E. L.Richards, 7558; August 15, 1979. T18N, R5E, S21. Listed in Smith (1978)
from seven counties from the central and western parts of Arkansas.
DICOTYLEDONEAE (Dicotyledons)
Asteraceae (Aster Family)
Crepis pulchra L. (Hawk's Beard)
Craighead Co., roadside ditch, VA mi W of Jonesboro. E. L.Richards, 7639; May 11, 1981. T14N, R3E, S9. Smith (1978) lists this plant
from six counties with Independence County being the easternmost. This plant was not cited by Demaree (1943) and is probably well established
Iinthe eastern section. Lawrence Co., railroad bank 3; mi NW of Sedgwick. E. L.Richards, 7640; May 20, 1981. T16N, R2E, S19.baceae (Pea Family)
Vicia tetrasperma (L.) Moench (Vetch)
Craighead Co., inprairie area of the southern city limits of Joensboro. E. L.Richards, 7637; April29, 1981. T14N, R4E, S30. This plant
is cited here as new to the state.
Rubiaceae (Madder Family)
Galium pedemontanum All. (Bedstraw)
Craighead Co., in prairie area ofsouthern city limits of Jonesboro. E. L.Richards, 7635; April26, 1981. T14N, R4E, S30. This population
Lis the site with the farthest east location for the state. Five other locations are known from the western border to Baxter County in Arkansas,ophulariaceae (Figwort Family)
Chaenorrhinum minus (L.) Lange (Dwarf Snapdragon)
BCo., inwaste area along railroad grade, 1Vimi SW of Rector. E. L.Richards, 7638; May 7, 1981. T19N, R7E, S34. This plant has previouslyreported from Jefferson County in Arkansas by Smith (1978).
Rjhead Co., along railroad shoulder, northeast city limits of Joensboro. E. L.Richards, 7632; April 15, 1981. T14N, R4E, S22.ne Co., waste area of railroad grade, 5 mi SW of Paragould. E.L. Richards, 7634; April26, 1981. T16N, R5E, S34.
one glabra L.(White Turtlehead)
Greene Co., in boggy area, 31/:mi NE of Walcott, E. L.Richards, 6410; Sept. 29, 1975. T17N, R4E, S23. This plant is cited here as new to the
state. Radford (1968) shows this plant as eastern in distribution for the United States and it probably occurs in several counties in eastern Arkansas.
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AN OVERWINTERING, FEEDING STUDY OF CHANNEL CATFISH INCAGES*
Commercial production of channel catfish (Ictaluruspunctatus) requires that fish be available year around. Thishas led to the practice of
feeding during winter months. Although there has been littleresearch on the subject of winterfeeding ofcatfish incages, a commercial caged catfish
operation inwestern Arkansas has successfully overwintered food-size catfish inlarge cages (9mJ) (Newton, 1980). Burke and Robison (1980) over-
wintered catfish fingerlingsin small cages (lm!)and found that fingerlingsurvival and weightgains weresatisfactory. This study was a continuation
of that experiment, utilizinglarger size fish. Catfish averaging 147 g were stocked 30 October 1981 (at the rate of 200 fish per cubic meter) and
harvested 8 March 1982. Two hundred fish were stocked in each of six one cubic meter cages and floated in a 1.6 ha farm pond located at the
University of Arkansas Research Center at Pine Bluff,Arkansas. Each cage was constructed of 5 x 5 cm pine with 1.2 cm mesh. Each cage had
a solid plywood bottom installed with an inside feeding ring made of 3.2 mm plastic mesh placed around the bottom ringof the cage.
Catfish in three cages were fed a 32% protein sinking catfish ration. Feeding rate was based upon daily water temperatures (Table 1). The
remaining three cages received no supplemental feed and served as the control treatment. Fed fish received a total of 17 kg per cage, of a 32%
protein ration over the entire period.and were fed on 51 of 143 days. Average water temperature was 9°C and ranged from 3.8°-17°C. There was
total ice coverage on the pond for 15 continuous days during the period 9-23 January.
Fed catfish gained an averaged of1.5% while nonfed fish experienced an average loss of 8.5% (Table 2). This loss was similar to, although
greater than, that reported by Robinette and Newton (1981) and Lovell and Sirikul (1974) for overwintering catfish in ponds. There was no
mortality in any of the six cages.
Results of this study and the previous experiment (Burke and Robison, 1980) indicate that catfish may be overwintered in cages, and that
they should receive supplemental feeding according to the water temperature. Although feed conversion was high (38 units fed to 1 unit gain),
onlya small amount of feed was actually fed during the winter months. Moreover, iffeed conversion is calculated on the basis of the final weight
difference between fed and nonfed fish, the ratio is much lower (3.8 units fed to 1 unit of advantage). Unpublished research conducted at the
University ofArkansas at Pine Bluff with catfish fingerlings reared in tanks and not fed revealed that a percentage of the fish will not resume
normal feeding when water temperature rises in the spring. Inaddition, it has been demonstrated that the condition factor of unfed fish deteriorates
over winter and therefore, fishare more susceptible to epizootics (Lovelland Sirikul, 1974). Thus, winter feeding ofcatfish ensures healthy, active
fish for the following warmwater production season. Overwintered catfish may also provide fresh fish year around for home use or local sales
by small-scale farmers.
Results of this experiment are preliminary with respect to the feeding regime for caged catfish during winter, and additional research should
be conducted on winter protein requirements. Feeding schedules should also be closely investigated to determine efficiency for both fish and the farmer.
•Published with the approval of the Director of the Arkansas Agriculture Experiment Station.
Table 1. Percent ration fed to caged catfish relative to daily water Table 2. Average weight changes and percent survival forcatfish over-
temperature during winter, 1981-82. wintered in cages at UAPB, 1981-82.
Porcont body Kclght fed Kater^temperature pe(] Tota, Tota, Wcight percent Percent
Height weight per cage gain or




,. , : 29. S5 30.28 430 .1.4 lull
4 g
,
4 27 3 29.09 29.6S 560 +1.8 100
Average 29.37 29.82 453 *1.S 100
N'onfed
cage
1 27.89 25.11 2,780 -10.0 100










NEWTON, S. H.1980. Status of cage culture in Arkansas. Aquaculture
Magazine, 7(l):32-36.BURKE, D.B., and W. R. ROBISON. 1980. Winter feeding of fingerl-
ing catfish in cages. Proc. Ark. Acad. Sci. 35:82.
ROBINETTE, H. R., and S. H. NEWTON. 1981. Progress made in
winter feed formulation studies. Aquaculture Magazine
8(l):34-35.
LOVELL,R. T., and B. SIRIKUL. 1974. Winter feeding of channel
catfish. Proc. S. E. Assoc. Game and Fish Comm. 28:208-216.
WALTER R. ROBISON, Department ofAgriculture, University ofArkansas at Pine Bluff, Arkansas. 71601.
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EFFECT OF STOCKING DENSITY ON CHANNEL CATFISH GROWTH,
SURVIVALAND FOOD CONVERSION EFFICIENCY INCAGES*
Rearing ofchannel catfish (Ictaluruspunctatus) in cages has developed past the experimental phases of maintaining and growing them. Pre-
sent research interests are directed toward maximizing yields and profits from each production unit. Therefore, a study was conducted to update
the effects ofstocking density on catfish growth, survival, and food conversion efficiency in cages due to the marked improvement inration quality
within the past decade (Newton, 1980).
Lewis and Konikoff(1974) noted that at stocking densities of less than 80 catfish/m' fightingoccurred when fish reached a size of0.22 kg.
Previous nutritional research in Arkansas and Oklahoma (Newton and Merkowsky, 1977; Collins, 1975) utilized stocking densities of200-250 cat-
fish/m'. Fish stocked at these densities had favorable growth and survival. Inaddition, at these higher densities no behavioral problems were en-
countered and fish obtained amarketable size of 0.45 kg during one growing season (100 days). Schmittou (1970) reported that catfish stocked
at 500 fish/m J could reach 0.34 kg in one growing season. Newton and Robison (1980) reared catfish in cages at three densities (200, 350, 500
fish/m!) and noted that fish stocked at 350 fish/m' gave the best economic return. Catfish stocked at 500 fish/m' had lower growth rates, food
conversion efficiencies, and survival rates.
The purpose of this study was to determine an optimum stocking density for catfish survival, food conversion, and growth. Catfish were
reared in twelve 1 m!cages constructed with 5x5 cm pine and 1.2 cm plastic netting. Cages were floated in a 1.6 ha farm pond located at the
University ofArkansas at Pine BluffResearch Center. Catfish fingerlings ranging in size from 12.7 to 22.8 cm were stocked at the rates of200
and 300 fish/m J in April,1981. Each treatment rate was replicated six times. Catfish were fed a 32% protein floating ration five days per week.
Allfish were fed three to five percent of their estimated body weight according to a schedule adjusted every ten feeding days based upon a 1.5:1
feed conversion ratio. Catfish were harvested inOctober after 140 feeding days. At harvest a ten percent sample was used to determined dress-out
percentages and body fat. Dress-out weight (%) is the fish portion available for market sale after skinning and eviseration. Percentage body fat
was determined by weighing the mesenteric fat removed from individual fish.
Analysis ofvariance (Steele and Torrie, 1960) was used to test forsignificant differences among average weight gain, food conversion efficien-
cy (FCE), survival, percentage mesenteric fat, and dress-out weight. Statistical tests were performed at the 0.05 significance level.
Catfish reared at 200 fish/m 1had a significantly higher survival rate than catfish reared at 300 fish/m' 97% and 92%, respectively). Addi-
tionally,catfish reared at the higher stocking density suffered more bacterial problems. Bacterial infections occurred in four of the six cages at
the higher density and in onlyone of the cages at the lower density. Mortality frombacterial losses was the major cause for the significant difference
in survival.
Food conversion efficiency was directly related to stocking density. Data indicated (Table) that as density increases individual food efficiency
utilization significantly decreases. Fish reared at 200/m!had an average of 13% better FCE than fish reared at 300 fish/m 1(1.9 and 2.2 respectively).
IThere was a
significant decrease in average individual size from the lower to higher stocking density. Fish reared at 200 and 300 fish per
averaged 328 and 255 g, respectively. Net total production of catfish was higher in the cages stocked at 300 fish/m 1 (72 kg) than at the lower
ty (60 kg).
KFish
at the lower stocking density had a significantly higher percentage of mesenteric fat than fish reared at the higher density (2.2% and
,respectively). Parker (1982) noted that catfish muscle lipiddeposits were positively correlated with mesenteric fat deposits. He stated that
ased muscle lipiddeposits may have a beneficial influence on the quality of fish flesh. This suggests that the fish at the lower stocking density
also have greater consumer acceptance in addition to higher food conversions and growth rates. There was no significant difference in the
ntage dressout weights between the two densities.
I
In this study, individual caged reared catfish growth was reduced by increasing the density from 200 to 300 fish/m' (Table). This finding
irs with results ofother caged catfish investigations. Previous research by Newton and Robison (1980) and Schmittou (1970) indicated that
icking densities increase, individual fish growth decreases. Food conversion efficiency and survival also decrease as stocking density increases.
ipast, growthcomparisons among various caged catfish studies have not been significantly different up to densities of 500 fish/m 1 (Collins,
Schmittou, 1970). However, in the present study there were significant differences among survival, FCE and individual growth. The signifi-
difference between survival rates was attributable to recurrent bacterial infections at the higher stocking density.
tFood
conversion efficiency was significantly lower in this study than reported by other investigators possibly because of greater fingerling
t variation at stocking. Inprevious related studies, Collins (1971) and Schmittou (1970) used fingerlingsofuniform weights forstocking cages,
and Konikoff (1974) used a wide range ofsize variation and fed the fish to satiation. Fish in this study were not fed to satiation, but fed
:duled percentage (5-3%) of estimated body weight. This may have allowed the larger fish to consume a greater portion of the ration thus
inhibiting growth of smaller fish.
Table. Comparison of channel catfish reared in cages at two stocking
densities fed a 32"% protein floating catfish ration.
Food Average Portent Percent
Stock ing I1ore ent convcrs ion final mesenteric dres s-out
density survival efficiency harvest fat weight
weight fg)
? 200 97 B/ !-»¦ 328a 2 '2a 54
"4a
«300 92 b 2.2 b 255 b 1.6 b 53.3 a
0.05 level.
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Food conversion efficiency was also lower because larger fish consumed a greater percentage of the ration, utilizing the excess energy fOr
fat deposition. On the average, fish greater than 350 ghad 7% more body fat than smaller fish. Presently, itis assumed that this behavioral problem
does not occur as dramatically with uniformly stocked fish.
*Published with the approval of the Director of the Arkansas Agriculture Experiment Station.
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NEW RECORDS FOR TROGLOBITIC ASELLIDS FROM NORTHWEST ARKANSAS
Little effort has been made to document the presence and location of the troglobitic Asellidae (Crustacea: Isopoda) occurring innorthwest
Arkansas. Previous records include: Caecidotea ancyla from Brewer Cave inBoone County (Fleming, Proc. Biol. Soc. Wash., 84:489-500, 1972;
McDaniel and Smith, Proc. Ark. Acad. Sci., 30:57-60, 1976); and C. stiladactyla from a spring inNewton County, from seeps inNewton and
Boone counties (Mackin and Hubricht, Trans. Amer. Micros. Soc, 59:383-397, 1940), and from Big Spring at Bella Vista,and Cave Springs Cave
in Benton County (Fleming, Int.J. Speleol., 4:221-256, 1972; McDaniel and Smith, Proc. Ark. Acad. Sci., 30:57-60, 1976). No other localities
in northwest Arkansas are known to harbor troglobitic asellids. The purpose of this paper is to report on the troglobiticasellid fauna ofnorthwest
Arkansas.
Hypogean and epigean environments were visited fromMarch 1978 to December 1979. Collections were preserved in 70% ethanol and transported
to the laboratory for identification. Type specimens were borrowed from the United States National Museum to compare and confirm identifica-
tions. Allcollections are in the possession of the author.
Twenty-one new locality records were recorded (Figure), and include the following species: Caecidotea ancyla, C. antricola, C. steevesi, and
C. stiladactyla. This is the first Arkansas record for C. steevesi. Locality data for each species and other troglobitic fauna encountered are given
in the following account.
Caecidotea ancyla (Fleming). Madison Co.: Denny Cave, War Eagle Cave; Washington Co.: Greasy Valley Cave. Specimens of C. steevesi and
Stygobromus ozarkensis (Amphipoda: Crangonyctidae) were taken from War Eagle Cave.
Caecidotea antricola Creaser. Benton Co.: Civil War Cave, Logan Cave; Newton Co.: Earls Cave (collected by W. C. Welbourn). Amblyopsis
rosae (Teleostomi: Amblyopsidae) was observed in Logan Cave.
Caecidotea steevesi (Fleming). Madison Co.: War Eagle Cave; Washington Co.: Well on the property ofO. A.Lastering (collected by E. H.Schmitz).
Caecidotea stiladactyla Mackin and Hubricht. Benton Co.: Dickerson Cave, War Eagle Caverns; Carroll Co.: spring at Hogscald Hollow, White
River below Beaver Dam; Madison Co.: Cal Cave, Laningham's Cave. Specimens ofStygobromus ozarkensis were taken from Dickerson
Cave and from the White River below Beaver Dam.
Caecidotea sp. Collections consisting of female and immature specimens only.Benton Co.: small poolnear Spanish Treasure Cave, spring at Sulphur
Springs; Madison Co.: unnamed cave at Mcllroy Refuge; Marion Co.: Coon Cave; Newton Co.: Copperhead Cave, John Eddings Cave,
unnamed cave near Diamond Cave, seep at Running Creek. Collections from Coon Cave, John Eddings Cave, and seep at Running Creek
by W. C. Welbourn.
Iwould like to express my appreciation to Dr. Thomas E. Bowman of the United States National Museum, and Mr.Julian J.
Lewis, University ofLouisville, Kentucky, for confirmation of asellid identifications; to Dr. John R. Holsinger of Old Dominion
University, Norfolk, Virginia, for amphipod identifications. Igreatly appreciate the loan of type specimens by the United States
National Museum. Special thanks go to Dr. Eugene H.Schmitz, University of Arkansas, Fayetteville, and Mr. W. C. Welbourn
of the Cave Research Foundation for their donations ofspecimens.
MARKD. SCHRAM,Department of Zoology, University of Arkansas, Fayetteville, Arkansas 72701
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Figure. Distribution of troglobitic asellids in northwest Arkansas.
Caecidotea ancyla (?), C. anlricola (•), C. s/eevesi (?), C.
stiladactyla (-fr),Caecidotea sp. ((§)). Collection sites reported by W.
C. Welbourn are not shown.
HOST REACTIONS AND PHYSICAL PROPERTIES OF FOUR ISOLATES OF TOBACCO RINGSPOT VIRUS
I
Tobacco ringspot virus (TRSV) affects herbaceous and woody plants causing such symptoms as ring patterns, apical distortion and wilt,
rfing,and chlorotic or necrotic symptoms (McLean, 1960, 1962; Stace-Smith, 1970). The virus is readily transmitted through sap inoculation
has a wide host range (Stace-Smith, 1970). Itoccurs in areas where Xiphinema americanum, the most common vector ofTRSV, is prevalent
3uire and Wickizer, 1980). Tobacco ringspot (TRSV) causes significant diseases ofsuch plants as blueberry, watermelon and other curcurbits,
soybean in Arkansas, and the virus can be isolated from these plants (McGuire and Wickizer, 1980; Stace-Smith, 1970). The objectives of
greenhouse study were to determine how certain plants are affected by different isolates of TRSV and to compare the physical properties of
solates.
Isolates used inthis experiment were designated 1) Type
- taken from watermelon; 2) Jersey - isolated from the Jersey variety ofblueberry;
3) Collins
-
isolated from the Collins variety of blueberry; and 4) Soybean
-
isolated from soybean with bud blightsymptoms. Cucumber served
as the maintenance host from which infective sap was obtained. Virus inocula were prepared bygrinding infected cucumber leaves showing chlorotic
mottle symptoms in .01Mphosphate buffer, pH 7.2. Plants were sprinkled with fine mesh carborundum and inoculated by rubbing with cotton
swabs soaked in the infective sap.
K Symptom and host range studies were carried out during June and July, 1981. Test plants grown in 7.5 cm clay plots included: cucumber,lant, Gomphrena, lupine, pinto bean, soybean, squash, sunflower, tobacco, topcrop bean, and zinnia. Plants were inoculated in the cotyledonaryrimary leaf stage, except for Gomphrena, lupineand tobacco. They were inoculated when three or four leaves had expanded.
fThe
physical properties longevity in vitro,dilution end point, and thermal inactivation point were tested. Sap was extracted from 1 g of
'ted cucumber in 5 mlofphosphate buffer foreach isolate and each property tobe tested. For each isolate, four half-leaves ofblackeye cowpea
two cucumber in the cotyledonary stage were dusted with carborundum and inoculated per treatment.» During the longevityin vitroexperiment, sap was tested at the time of extraction, and after being incubated for4, 7,9and 11days at approx-ely25 °C. Dilutions of infective crude sap of 1:100, 1:1000, 1:2000, 1:4000, 1:8000, 1:16,000 and 1:32,000 were tested. Each of the four isolatesheated at 50°, 55°, 60°, 65°, and 70°C for 10 minutes to test thermal inactivation.
Test plants inoculated and their reaction to each isolate are presented in Table 1. The most commonly observed symptoms were chlorotic
mottling and ringpatterns. Symptom types varied greatly between hosts. On some hosts, such as cucumber and sunflower, all isolates produced
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similar symploms. On others, such as eggplant, lupine and soybeans, symptoms varied fordifferent isolates. Ingeneral, type (from watermelon)
caused the mildest symptoms; whereas the soybean isolate was the most severe. The two blueberry isolates produced similar symptoms inallhosts.
Isolates varied somewhat in physical properties. Allremained infective in plant sap held at 25° C for 9 days, but only the soybean isolate
was active after 11 days (Table 2). Titer of the latter appeared to be greater after 11 days than titer of the other isolates at 9 days. Dilution end
points ranged from between 1:8000 and 1:16,000 forType and Jersey to between 1:16,000 and 1:32,000 for Soybean and greater than 1:32,000
for Collins (Table 3). Three isolates were thermally inactivated at 60° C,but heating at 65
°
C for 10 minutes was required to inactivate the Jersey
blueberry isolate (Table 4).
Variations in symptoms produced on the same host species by different isolates of TRSV and differences in physical properties show that
the four isolates are somewhat different biologically. The soybean isolate had a much more drastic effect on several hosts than the other three
strains. While the soybean isolate remained infective for the longest period of time in the longevity in vitro experiments, Collins blueberry TRSV
can be diluted more than the other isolates and still produce symptoms. Jersey blueberry TRSV can withstand higher temperatures than the other
strains tested. It should be taken into consideration that since the strains were isolated from different sources, this could be the basis for the dissimilarity
in results.
Published with approval of the Director, Arkansas Agricultural Experiment Station.
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A TWO YEAR COMPARISON OF THE WINTER FOOD HABITS OF MINK
(MUSTELA VISON) FROM DELTAICNORTHEAST ARKANSAS
The winter food habits ofmink (Mustela vison) were studied from deltaic northeast Arkansas during the 1980-81 and 1981-82 trapping seasons.
Carcasses were collected from co-operating fur buyers throughout the region and stomach and intestinal tracts were examined foridentifiable food
remains. Similar studies have been performed elsewhere byDearborn (1932), Hamilton (1935, 1959), Sealander (1943), Guilday (1949), and Korschgen
(1958).
Mink are considered generalistic carnivores and are particularly associated with water courses. Prey is taken in relation to its availability
and abundance (Errington, 1943, 1954; Hamilton, 1959). Food habits of mink vary regionally as habitats and potential prey vary. Variations
between years and seasons also occur due to changes in the relative abundancies of prey (Gerell, 1967). During this study, a total of 272 mink
was examined. During the trapping season of 1980-81, 84 carcasses were examined (19 females, 65 males). Of the females, 12 (63.2%) were found
to contain identifiable food remains and 36 (55.4%) of the males contained food remains. From the 1981-82 sample, 189 carcasses were examined
(63 females, 126 males). Fifty(79.4%) of the females contained identifiable foodremains and 95 (75.4%) of the males contained identifiable material.
The predominance of males in the sample was a reflection ofdifferential trapability since males have a larger home range than do females and
therefore are more susceptible to fur trapping (Gerell, 1970).
Prey items were categorized into six groups: mammals, fishes, birds, herptiles, crayfish, and other arthropods. Within these groups, material
was identified to species when possible for mammals and to the family level for fishes. Males and females were initiallyconsidered collectively
forcomparison. Twenty-five percent of the prey items identified from the 1980-81 trapping season were mammalian (Figure 1). White-footed mice,
Peromyscus spp., occurred most commonly (in 10.4% of the stomaches containing food items). Other mammalian items included: prairie voles,
Microtus ochrogaster (4.1%), marsh rats, Oryzomys palustris (4.1%), southern bog lemmings, Synaplomys cooperi (2.1%), and unidentifiable
mammalian remains (4.1%). In1981-82, mammalian prey items were even more frequent, comprising 51 .0% of the identifiable material. Peromyscus
spp. again occurred most frequently (7.6%). Remaining mammalian prey items for 1981-82 included M. ochrogaster (6.8%), S. cooperi (5.5%),
cotton rats, (Sigmodon hispidus (5.5%), harvest mice, Reithrodontomys spp. (4.4%), fox squirrels, Sciurus niger(] .4%), house mice, Mus muscutus
(0.7%), musk rats, Ondatra zibethicus (0.7%), least shrews, Cryptotis parva (0.7%), short-tailed shrews, Blarina carolinensis (0.7%), rodents iden-
tifiable only to order (4.1%), cottontail rabbits, Sylvilagus floridanus (0.7%), and unidentifiable mammalian remains (6.2%).
During 1980-81 fish occurred in 47.9 percent of the stomaches containing food (Figure 1). Cyprinids were most common (14.5%). Other
fishes from 1980-81 included: centrarchids (10.4%), catostomids (6.3%), clupeids (2.1%), ictalurids (2.1%), and unidentifiable fish remains (8.3%).
During 1981-82, fishes occurred less frequently in the diet ofmink (37.2%). Of the fish, centrarchids occurred most frequently this year (12.4%).
Remaining fish prey from 1981-82 included: cyprinids (9.0%), catostomids (4.8%), clupeids (4.1%), cyprinidontids (0.7%), ictalurids (0.7%), and
unidentifiable fish remains (5.5%).
Mammals and fishes, because of the high frequencies in which they occurred, were investigated further. Interestingly, mammals were utilized
considerably less during the 1980-81 season (at a frequency of 25.0%) than during the 1981-82 season (at a frequency of51.0%) (Figure 1). On
the other hand, fish were utilized more frequently during the 1980-81 season (47.9%) than during the 1981-82 season (37.2%). Differences in these
te 1. Combined food habit data of male and female mink fromc northeast Arkansas during the 1980-81 and 1981-82 trappingns. Figure 2. Frequency occurrence of the two major prey categories brokendown by sexes formink sampled during 1980-81 and 1981-82 trappingseasons.
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frequencies are seemingly related to the severe drought of the summer and early fallof 1980. Prolonged drought conditions were noticably detrimental
to populations of small rodents and decreasing water level tended to concentrate fish populations. Crayfish seem to represent a buffer food item
available duringperiods when other prey are less available. During periods ofnormal rainfall (1981-82) mink opportunistically utilized a wide rangt
ofavailable prey. Mustelids, due at least inpart to their elongate bodies, incur substantial energy costs during foraging activities (Brown and Lasiewski
1972). Opportunistic feeding by mink maximizes utilization of available, but possibly patchy, resources.
Comparison by sexes ofprey utilization revealed interesting differences. During the winter of 1980-81, females utilized mammalian prey at
a significantly higher rate (41.7%) than did males (19.4%) (Figure 2). Utilization of mammalian prey by females was also higher during the winter
of1981-82 (females, 56.0%; males 48.4%). Males, on the other hand, utilized fish to a somewhat greater extent than did females (Figure 2). Other
prey were utilized at varying low rates and apparently reflected opportunism as no trend was established.
The high frequencies of mammalian prey (mainly small rodents) in the diet of females over the two years may relate to sexual dimorphism
inthe body size ofmink and to its presumed role infeeding. According to Moors (1980), female mustelids consistently consume more small rodents
thai males. This concept is suported by Erlinge's report (1979). Inwhich rodents were staple prey of female stoats (Mustela nivalis), even when
small rodent densities were low. Food habit differences, then, may be attributed to differences in the foraging strategies of the sexes. Males, being
larger, have longer limbs permitting greater mobility(Moors, 1980). Presumably, greater mobilityis translatable into greater proficiency incatching
fish. In addition, the larger size of males should permit the utilization of a wider range ofacceptable and catchable prey items (Wilson, 1975).
The smaller size of female mink could be advantageous for foraging in rodent runs. Itis not yet known ifthe amount of dietary overlap (between
sexes) is significant in terms of intraspecific competition and/or population regulation.
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ANALYSISOF REGURGUTATED SHORT-EARED OWL (ASIO FLAMMEUS) PELLETS
FROM THE ROTH PRAIRIE, ARKANSAS COUNTY, ARKANSAS
The short-eared owl (Asio flammeus) is one of the most cosmopolitan of raptors, as it is found on every continent except Australia (Bent,
1938). Inits habits, it prefers prairies, marshes, other campestrine habitats, and even forests. This species is somewhat diurnal and can frequently
be seen hunting during the day. In hunting, the short-eared owl adopts the same habits as the harrier, or marsh hawk (Circus cyaneus).
Three recent food habit studies of owls and other raptors from northeast Arkansas have been reported (Hanebrink et al., 1979; Paige et
al., 1979; Harris and Hanebrink, 1980), however these did notdeal extensively with the short-eared owl. Black (1933) first reported the occurrence
ofshort-eared owls in northwest Arkansas, but littleresearch has been devoted to this species in Arkansas. As the amount of suitable habitat dwindles,
due to expanded agricultural practice, and as greater emphasis is placed on biological control mechanisms, information on the feeding habits of
Arkansas raptors is needed. The food habits of short-eared owls elsewhere have been studied through pellet analysis (Cahn and Kemp, 1930;
Errington, 1932).
Ninety regurgitated pellets measuring 2.8 to 6.7 cm in length were collected on 28 February 1980 from known roosting sites ofshort-eared
owls on the Roth Prairie. Several short-eared owls were observed as they flushed from shallow depressions inthe prairie as it was burnt for manage-
ment purposes. Of owl species occurring in Arkansas, only A. flammeus roosts on the ground.
Roth Prairie in Arkansas County, is one of the few surviving remnants of the Grand Prairie Grassland. Its biology and location have been
ofinterest to individuals concerned with prairie preservations in Arkansas. The study site is characterized by lush growths ofgrasses and abundant
spring flowers. The area appears to be wetter than most other Grand Prairie remnants as witnessed by its high production ofhay. Big Bluestem
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(Andropogon gerardi), Little Bluestem (Andropogon scoparius), and Indian Grass (Sorghastrum mutans) are strongly dominant, while Broom Sedge
(Andropogon virginicus) and other disturbance species are relatively scarce. Forb species are not abundant due to fire supression in recent years
but probably would return in good numbers ifprescribed burnings were carried out (Foti, 1974).
Owl pellets were examined and prey items identified with the aid ofa 10X Bausch and Lomb dissection microscope. Identifications were
aided by various published fieldguides and keys, an unpublished key to skulls of Arkansas mammals, avian and mammal collections housed at
Arkansas State University, and a reference collection ofdorsal guard hair ofArkansas mammals. Prey items were tabulated byspecies and percent
occurrences were calculated. A total of 105 food items was recovered, including 16 taxa.
Birds represented the main prey ofshort-eared owls (Table 1) with a total percent occurrence of50.5. Species included the common grackle
(Quiscalus quiscula) at 10.5%, red-winged blackbird (Agelaius phoeniceus) at 8.6%, horned lark (Ermophila alpestris) at 6.7%, starling (Sturius
vulgaris) at 6.7%, eastern meadowlark (Sturnella magna) at 6.7%, white-throated sparrow (Zonotrichia albicollis) at 3.8%, brown-headed cowbird
(Molothrus ater) at 1.9%, and unidentifiable bird remains at 5.7%.
Mammalian prey totaled 44.8 percent of the pellet remains (Table 2). Rodents collectively represented 32.4% of the remains and included
prairie voles (Microtus ochrogaster) at 13.3%, fulvous harvest mice (Reithrodontomys fulvescens) at 8.6%, hispid cotton rats (Sigmodon hispidus)
at 5.7% and deer mice (Peromyscus maniculatus) at 4.8%. Insectivores were represented bya single species, the short-tailed shrew (Btarina carolinensis)
at 7.6%. Lagomorphs also were represented by a single species, the cottontail rabbit (Sylivagus floridanus) at 4.8%.
Remaining prey items are illustrated inTable 3. Coleopterans represented 2.9% of the total prey and snakes withkeeled scales, possibly garter
or ribbon snakes (Thamnophis spp.) represented the remaining items at 1.9%.
The high frequency of birds in the diet of the short-eared owls may correlate with dense populations of migrant birds during the winter.
Blackbirds (Icteridae) can be seen frequently in large numbers as they over-winter across Arkansas. Errington (1932) stated that short-eared owls
appear to show a distinct preference forsmall mammals. However, Munro (1918) observed short-eared owls feeding on migrant birds as they rested
along sand bars after crossing Lake Ontario, although small mammals were plentiful.Logically migrants could be more easily obtained as they
rested after longperiodic flights.Boyd and Shriner (1954) stated that the availability ofprey would probably determine the kind and amount con-
sumed. Migrant bird species inArkansas, especially over-wintering blackbirds, would be available and abundant. The periodic resting and feeding
habits of blackbirds wouldmake them susceptable to predation, in this case, by short-eared owls. Results of this study are notmeant to suggest
short-eared owls roosting on the Roth Prairie during the winter months of 1980 were selecting and utilizingbirds over mammals as major prey.
To the contrary, short-eared owls appear to be opportunistic as evidenced by the wide range ofprey consumed. Prey were taken according to availability,
abundance, and susceptability and at minimum energy expendature to the raptor.
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ALOCAT1ONAL ANALYSIS OF RECREATIONAL SUBDIVISIONS IN THE UNITEDSTATES
The sellingofrural real estate as it exists today began in the 1950's with the appearance of large companies, primarilyresort land developments,
that sold lots inFlorida and the desert southwest bymail. Their practices have changed as the corporations evolved schemes to tap a broader market
for rural property (Stroud, 1978). Thousands ofcorporations are a part of the interstate, or installment, land sales industry and range in size from
one or two people to giant enterprises (Paulson, 1972).
Comprehensive data on the land development industry is sketchy at best and often difficult to obtain. Much of the research has been only
peripherally related to recreational land develoment and has not analyzed the extent ofor the implications associated with these developments.
A three volume manuscript (Allenet al., 1976), a relatively recent government document (American Society ofPlanning Officials, 1976), the work
of Richard Ragatz (1970), a private consultant in vacation housing, and the Office of Interestate Land Sales Registration, Department of Housing
and Urban Development (U. S. Dept. of Housing and Urban Development, 1981), provide the most useful information.
The office ofInterstate Land Sales Registration, which requires developers involvedin interstate commerce to register and make fulldisclosure,
has published a Catalogue Report providing the number of large scale operations in the United States. Useful information was also obtained from
personal interviews with land development officials on the Cumberland Plateau in Tennessee, in Arkansas, and in Texas.
Much of the serious impact ofdevelopment can be traced to two major factors: 1) the location of the development, and 2) the developmental
standards used by project officials. The most glaring environmental problems result when fragile environments are selected for development.
Recreational subdivisions total more than 19,000 in the United States and are found primarily in five states, with 76.7 percent ofall lots
subdivided in only 10 states. Since many of these subdivisons are small and the primary emphasis in this investigation is with the impact of large-
scale recreation subdivisions, this research analyzes the resort developments of 405 hectares or more.
Adot map portrays the location of each of the 707 large recreational subdivisions (Figure). Very strong clusterings are revealed. Florida
has an incredibly high density with 145 large projects concentrated incentral and southern portions of the state. Other strong concentrations occur
in Colorado south and west ofDenver along the Front Range of the Rockies, in several counties in Texas near Austin and Houston, and across
the desert southwest. California has sizable concentrations as does northeastern Pennsylvania within the Pocono Mountains.
Anumber of important variables influence the location of these large scale land development operations. The most important include: 1)
accessibility, 2) the availability of large tracts of relatively inexpensive land, 3) nearness to urban centers of population, and 4) an absence of local
and regional land use plans and regulations that might hamper land development operations. (Pers. Comm. by Land developers in Tennessee,
Arkansas, and west Texas, 1973, 1975, and 1981).
The relationship between interestate highways and the location of major recreational subdivisions was considered. This examination showed
developments, inmany instances, to be located along or near major transportational arteries with only two percent more than 160 kilometers from
an interstate.
The availability of large tracts of relatively inexpensive land is important to the success of land development operations. Lee and Collier
Counties inFlorida emerged after the depression with huge inventories ofland still intact and one land development company acquired more than
149,850 hectares during the 1950's. Some of the early purchases were made foraround $40.00 per hectare (Carter, 1974). Similar acquisitions have
been made across the country.
Nearness of recreational subdivisions tourban centers with populations of 500,000 or more was tested. Only 264 are more than 160 kilometers
from urban centers, with 217 of the more remote projects located in the western United States. When the counties within which large developments
are located were examined, it was found that only 13 had populations of 500,000 or more, 37 counties had 80 percent or more of their populations
livinginurban places, and 96 counties were within standard metropolitan statistical areas. Although statistics reflect the preference ofdevelopers
to locate in a rural setting where land use regulations and controls are lacking, 98 percent of the subdivisions are within 160 kilometers of an in-
terstate and 63 percent are within 160 kilometers of large metropolitan areas.
The recreational land development boom caught many rural governments by surprise and with no controls over land use. A survey taken
by the American Society of Planning Officials ofone-third of the nation's counties revealed that only41 percent of the non-metropolitan counties
(less than 100,000 population) had zoning regulations. The figure for metropolitan counties was 55 percent (American Society for Planning
Officials, 1976).
The large land developments studied here produce numerous environmental problems. These problems are caused by an enormous network
ofroads, poor water resource planning and management, inadequate open space, and disregard for fragileenvironments. When developers ignore
local environmental constraints and roads remain unpaved, the area may become susceptible to dust storms, flash floods, and pollutionof water
resources from erosion and siltation. Inadequate water resource management may result in pollutionof surface water from siltation, pollution
ofshallow aquifers from the widespread use ofseptic tanks, and the depletion ofground water resources ifwithdrawal exceeds recharge. Adequate
open space improves not only the aesthetic quality of the development but could help preserve the natural drainage network ofstreams, fragile
environments, and hazardous areas by allowing them to remain undeveloped (Allenet al., 1976).
Extreme clustering has accompanied recreational subdivision activity and has created and accentuated several problems. Impact of these ac-
tivities could be reduced dramatically ifdevelopers were required to operate within existing environmental constraints.
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Adherence to specific guidelines could significantly reduce or eliminate much of the environmental impact from these developments. Land
extensive projects should be developed in phases. A70 to 80 percent buildout should be required before expansion to new areas is allowed. This
would eliminate much of the unnecessary road network and prevent the continued expansion of"premature" subdivisons. Roads should preserve
existing topography to reduce disruption of the natural drainage network and the need for cut and fill(Allenet al., 1976).
Developers should be required to preserve water resources by limitingwithdrawal to an environmentally "safe" yield and limit the use of
septic tanks on individual lots. These practices wouldreduce the rate of water table decline, salt water intrusion, and pollutionof shallow aquifers
(Allen et al., 1976).
Large areas of open space should be required, and development of wetlands, steep slopes, and fragile areas avoided. Open space could be
used as parks, wilderness areas, and greenbelts along streams (Allen et a!., 1976).
Many of these suggestions obviously can not be met by developers because of the restrictive nature of the fragile environments they have
chosen to develop. The three most intensely developed areas, the desert southwest, the mountains of Colorado, and the wetlands ofFlorida, have
major environmental limitations which are serious enough tomake such enormous developmental activity highlyquestionable, especially since buildout
rates are low and these developments are not responding to a real need for housing.
Developers should be required to establish sound, legitimate, and justifiable land development operations that blend with the needs of the
region and conform to the environmental constraints of a particular area. Those unwillingto work withinexisting environmental limitations should
not be allowed to proceed with development.
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Figure. Recreational subdivisions of 1,000 acres ormore in the United
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SR/MG RATIOS OF PENNSYLVANIANLIMESTONE UNITS INNORTHWEST ARKANSAS
I
Ina previous publication (Wagner et al., 1979), a linear relationship was noted between the Sr and Mg contents of5 Carboniferous limestone
innorthwest Arkansas. Such correlations held only within a given limestone unit, not between different units. It now appears that this rela-
apaleontological one with the Sr/Mg ratio ofthe limestone being determined byits fossil content. The latter can bedetermined by petrographic
nation. Using Sr and Mgcontents for recent specimens of the fossils from standard texts, a weighted average composition can be calculated
e original prediagenetic limestone unit. These calculated Sr/Mg ratios based on fossil content are within a few per cent of the actual ratio
itcrops of the Brentwood and Kessler limestone units.
¦Davis
(1961) has done an extensive petrographic study ofthe Brentwood Limestone. Using a water lubricated saw, samples 1 cm thick were
led adjacent to and parallel to his thin section samples. These were dissolved in hydrochloric acid and analyzed by atomic absorption spec-
otometry as described previously (Wagner et al., 1979). A suite of samples were selected which came from the perimeter of a 10 x 10 mi.
n southwest Washington County ofArkansas. The sample numbering and identification (MA = Morrow Anticline, HS = Hale Mt.Syncline
'A =Cove Creek Anticline)are the same as Davis' (1961) and this reference may be consulted for the exact location ofsamples and petrographic
¦ The table summarizes 1) the position ofeach sample inits stratigraphic column and compares itpetrographically and chemically to a columnited average, 2) the calculated and determined chemical compositions and 3) the calculated amount of diagenesis. The first column in thegives the total thickness of the section and the heights above the base where the samples were taken. The calculated compositions are weighted
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averages using (he Sr and Mg contents listed in the last two lines of the table for the various fossils. The per cent diagenesis ofan element is:
(calculated wt. %
-
actual wt. %) divided by the calculated wt. % times 100. Thus, the per cent diagenesis is based on the loss ofSr and Mg
The calculated Sr/Mg ratios average 20% less than the actual ratios in 8 samples and 6% greater in 2 samples. This is indicative ofslightly
greater diagenesis of Mg than Sr. Average chemical compositions which were calculated for the entire limestone columns show no significant
differences among themselves or when compared to single samples withinthe column. This is a result of the small differences in the chemical com.
positions assigned to the recent forms of the principal fossils, crinozoa and bryozoa. The actual analyses show a uniform composition also which
could result from equilibration of the chemical composition of the sediment column during its lithification. There apparently is no major change
in chemical composition between megafossils and the spar as the spar content varies from 8 to 48 wt. % among these samples and this variation
has no apparent effect on the Sr/Mg ratios. Brand and Veizer (1980) have also noted only small changes in Sr concentrations between differeni
fossils and spar in the Mississippian Burlington Limestone of Iowa and Missouri.
It will be noted in the table that the actual Sr and Mg contents of4 of the 5 sample pairs increased slightlyin going up the column. This
is indicative of more diagenesis for the first deposited materials, which seems reasonable. Although the geologic ages of the samples in a column
are about the same, the samples lower in the column had more "formative" years, when diagenesis was most active. Another explanation is that
the temperature inthe sea during the period ofdeposition may have increased in proceeding up the stratigraphic column, any ofthese fossil organisms
form skeletons that incorporate more Sr and Mg as the water temperature increases.
The above explanations for the increase ofSr and Mg with heights in the column must be reconciled with the following:1) the concentration
of the partially soluble fraction increases with height and 2) 60% of the Sr and Mgcomes from the partiallysoluble fraction (Wagner et al., 1979).
Authigenic formation of the partiallysoluble fraction or its presence inthe livingfossil organisms, rather than a terrigenous sediment source, would
reconcile these items with the main concept of this report.
Calculations have also been made on Kessler Limestone similar to those done above on Brentwood Limestone. The Sr/Mg ratios calculated
for3 kessler outcrops from its fossil mix differ by only0, 5 and 10% respectively from that determined chemically. Samples higher in the columns
and a fourth outcrop differ up to 40% betwen actual and calculated.
Lowenstam (1961) has compared the compositions of recent and fossil brachiopods and interpreted the differences in terms of diagenesis,
water temperature and salinity. Three of the fossil specimens were from a Mississippian shale formation, but with their calcite structures intact.
These Mississippian fossils had lost more Mg than Sr. We find just the opposite for the brachiopodi-bearing (4-30% of the fossils) Kessler Limestone.
However, in the Brentwood Limestone diagenesis of Sr and Mris about the same as shown by the table.
Table. Brentwood Limestone, Fossil Compositions and Calculated and Measured Chemical Composition.
*
K I - 1 II jj I" if s
"E
•1 T >¦ lo u £
<" *. fjL _H. JL _5_
°—
Sr Hg Sr H9 Calc. Found Sr Ha
MA-1-4 13 I 15 63
-
22 0.217 2.96 0.030 0.320 0.020 0.026 86 89
MA-1-5 18 1 83 17
- --
0.205 3.46 0.040 0.536 0.016 0.023 78 B5
MA-1-total 28 7 63 33 1.7 2.7 0.209 3.27
-- --
0.018
MA-2-3 5 1 25 75
-
0.222 3.02 0.025 0.301 0.020 0.023 89 90
MA-2-5 8 1 69 31 ... 0.209 3.36 0.032 0.543 0.017 0.016 85 84





CA-L'-l 12 1 72.4 27.6
- --
0.208 3.39 0.039 0.387 0.017 0.028 81 89
CA-2-4 30 1 15.6 84.4
- --
0.225 2.93 0.051 0.549 0.021 0.026 77 81





CA-4-1 6 1 40 60 ... 0.218 3.14 0.032 0.335 0.019 0.026 85 89
CA-4-4 17 1 56 44
- --
0.213 3.26 0.032 0.297 0.018 0.030 85 91





HS-4-3 5 1 20 80 ... 0.224 2.98 0.036 0.416 0.021 0.024 84 86
HS-4-4 6 1 51 45 4.0
--
0.212 3.15 0.041 0.621 0.019 0.018 81 80







3.6a 2.83e 0.98 d 2.87 C
Sr (wt.J)
-- -
0.2 b 0.23C 0.17d 0.19e
a. data from Weber (1969).
b. data from Fig. 42, Milliman (1974). The average of other echinodermata because there are no data for crinoidea.
c. data from Table 28, Milliman (1974). The average for Bulgula, Eucratia and Membranipora, all magnesium calcites.
d. data from Table 1, Lowenstam (1961). The average for first 9 species grown in normal salinity and 23-25. 8°C.
e. data from Table 21, Milliman (1974). The average for benthonic forms.
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